modem °°. 
castings 


TWO ARTICLES 
ON COBALT 60 
RADIOGRAPHY 


Techniques, procedures 
and production practices 

p 27 
improving casting quali- 
ty through inspection 


The second greatest mar- 
ket for metalcastings: 





MR. FERROCARBO’ 





The automotive industry is the world’s 
largest consumer of gray iron and malle- 
able iron castings. In 1958, 1,427,000 net 


tons of gray iron and 300,000 net tons of 


malleable iron were cast for some 5,000,000 
passenger cars, trucks and buses. In 1959 
this figure may exceed 6,000,000 in passen 
ger cars alone. This gigantic industry is a 
prime user of FERROCARBO briquettes, 


WRITE FORM MORE 


STRONGER CASTINGS FOR  ()(}Q) QOL AUTOS 


et 


the exclusive patented cupola additive by 
Carborundum. FERROCARBO results 
in finer-grained, denser, and stronger cast- 
ings required by today’s high-powered 
vehicles. FERROCARBO-treated castings 
are more machinable thus lowering manu- 
facturing costs. See that FERROCARBO 
is in your production picture for premium 
castings at no extra cost. 


INFORMATION on how FERROCARBO helps produce 
superior gray iron and malleable castings. Ask for booklet A-1497, Dept 


M92, 


Electro Minerals Division, The Carborundum Company, Niagara Falls, N. Y 


CARBORUNDUM 


REGISTEREL 


MILLER AND COMPANY, 


TRADE MARK 


FERROCARBO DISTRIBUTORS —KERCHNER, MARSHALL & COMPANY, 
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Radioactive Cobalt 60—the Pill for Industrial Headaches 
by M. Daly 


Big Wheel—Supercasting for Supertanker 


Carrier Uses Castings to Build Air Conditioners 
by R. R. Stanton 


Report on the Engineered Castings Show—Part II ............ 


Report on the Technical Program—Part II 


1959 Castings Congress Papers 
Copper in Cast Iron, principal considerations 
by Albert DeSy 
New Foundry Resins and Application Techniques for Shell Molds 
and Shell Cores 
by William C. Capehart 


The Foundry Plant Engineer, a fifty year reminiscence 
by James Thomson 


Ductile Iron Production in Basic Direct-Arc Furnace 
by C. R. Isleib 


A Hypereutectic Aluminum-Silicon Alloy 
by Rolf Kissling and Oldrich Tichy 

Proper Gating Through Use of Cobalt 60 
by A. J. Karam . 

Steel Castings for the Aircraft Industry, quality requirements 
by Y. J. Elizondo 

Grain Refinement of Solidifying Metals by Vibration 
by R. G. Garlick and J. F. Wallace . 

Reclaim Sodium Silicate Bonded Sand 
by G. C. Warneke arate 

Mottling in Heavy Section White Iron Castings, first progress 
report on an investigation sponsored by AFS Malleable 
Division 


by C. R. Loper, Jr., and R. W. Hein 
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and exhibits 
e 


JUNE 


1-2 . . New York University, College 
of Engineering, Conference on Vacuum 
Metallurgy. University Heights, N.Y 


9-12 . . Material Handling Institute, Ex- 
position. Public Auditorium, Cleveland 


11-12 . . AFS Chapter Officers Confer- 
ence. AFS Headquarters, Des Plaines 
Ill., and Sherman Hotel, Chicago 


15 .. AFS T&RI Research Committee 
Annual Meeting. Chalfonte-Haddon Hall 
Atlantic City, N.J. 


16-19 . . Cornell University, Industrial 
Engineering Seminars. Ithaca, N. Y. 


18-20 . . AFS Foundry Instructors Sem- 
inar. University of Illinois, Urbana, II] 


21-23 . . Alloy Casting Institute, Annual 
Meeting. The Homestead, Hot Springs 
Va. 


21-26 . . American Society for Testing 
Materials, Annual Meeting. Chalfonte 
Haddon Hall, Atlantic City, N.J 


22-26 . . Air Pollution Control Associa- 
tion, Annual Meeting. Hotel Statler, Lo 
Angeles. 


22-26 University of Michigan, En- 
gineering Summer Conference: Applica 
tion of Stress Analysis to Design and 
Metallurgy. Ann Arbor, Mich 


22-26 . . Gordon Research Conference 
Physical Metallurgy Kimball 
Academy, Meriden, N. H 


Union 


25-27 Penn State Foundry Confer 
ence. Pennsylvania State University. Uni 
versity Park, Pa 


29-July 3 
Ductile Iron Course. University 
Me Be 


New York University, 


Heights, 


SEPTEMBER 


21-22 Steel Founder Society of 
America, Fall Mecting. The Homestead, 
Hot Springs, Va 


24-26 . . AFS Missouri Valley Regional 
Foundry Conference. University of Mis 
souri, School of Mines & Metallurgy 
Rolla, Mo 


28-Oct. 1 Association of Iron and 
Steel Engineers, Annual Convention. 
Sherman Hotel, Chicago 

OCTOBER 


Niagara Regional Foundry Con 
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Dr 
N. ¥ 
AFS North 


Conference. 
Seattle 


t Regional Foundry 


Benjamin Franklin Hotel 


38-10 . . International Committee of 
Foundry Technical Associations, Interna- 
tional Foundry Congress. Madrid, Spain. 


7-9 . . Gray Iron Founders’ Societ An- 
nual Meeting. Fairmont Hotel, San Fran- 
cisco. 


8-9 . . AFS Michigan Regional Foundry 
Conference. Pantlind Hotel, Grand Rap- 
ides Mich 


11-16 American Society for Testing 
Materials, Pacific Area National Meeting 
& Exhibit. Sheraton Palace Hotel, San 
Francisco. 


15-17 . . Foundry Equipment Manufac- 
turers Association, Annual Meeting. The 
Greenbrier, White Sulphur Springs, W. 
Va. 


16-17 AFS New England Regional 
Foundry Conference. Massachusetts In- 
stitute of Technology, Cambridge, Mass. 


21 . . Cast Bronze Bearing Institute, 
Annual Meeting. Bedford Springs Hotel, 
Bedford, Pa. 


22-23 AFS Ohio Regional Foundry 
Conference. Deshler-Hilton Hotel, Co- 
lumbus, Ohio. 


23-24 . . Non-Ferrous Founders’ Society, 
Annual Meeting. Bedford Springs Ho- 
tel, Bedford, Pa. 


29-30 AFS Purdue Metals Casting 
Conference. Purdue University, West La 
favette, Ind 


NOVEMBER 


2-6 . . American Society for Metals, Na 
tional Metal Exposition & Congress. In 
ternational Amphitheatre, Chicag« 


6-7 . National Found: Association 
Annual Meeting. Roosevelt Hotel, New 
York 


9-11 Steel Founders’ Society of Ameri 
ca, Technical & Operating C 
Carter Hotel, Cleveland 


nference 
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Valuable asset... ACCESSIBILITY 


One of our most prized “posses- 
sions” is our accessibility—the stra- 
tegic locations of Semet-Solvay’s 
coke plants and coal mines. 

A glance at the accompanying 
map will show you exactly how 
close you are to a supply of high 
quality Semet-Solvay Coke. Chances 
are that one of our plants or sales 
offices is in your “backyard.”’ Hence 
it follows that you can be assured of 
a convenient, dependable supply of 
Foundry Coke when you do busi- 
ness with Semet-Solvay. 

Semet-Solvay is the only mer- 
chant Coke producer operating 
four By-product Coke plants ready 
to supply all the high quality Foun- 
dry Coke you need when you 
need it! Its facilities include 700 
ovens, 3 coal mines and a fleet of 
barges and diesel boats. And you 
get first call on our output—we have 
no prior commitments to others. 


In addition to accessibility, the 
purchase of your Foundry Coke 
from Semet-Solvay has many other 
advantages: Quality and uniform- 
ity of product are tops because of 
Semet-Solvay’s continuous and ex- 
haustive research program. Avail- 
ability is constant, thanks to Semet- 
Solvay’s extensive productive facili- 
ties. Five coke sizes are available to 
meet the requirements of all sized 
cupolas and melting practices. And 
last but not least, we offer advice 
a free metallurgical service depart- 
ment staffed by specialized tech- 
nicians. Their advice is yours for 
the asking. 

Call your Semet-Solvay office 
today or write us direct for the 
complete story on Semet-Solvay 
Foundry Coke. You’ll find it both 
interesting and profitable. 


For Better Melting ... 


) 


\ 
Lagend 
@ COKE PLANTS 
st anes 
© SALES OFFICES 





STRATEGIC LOCATIONS 


llied 


SEMET-SOLVAY DIVISION 


DEPT. 554-BI, 40 RECTOR STREET, NEW YORK 6, N. Y. 


hemical 


Buffalo « Cincinnati « Cleveland « Detroit 
In Canada: ALLIED CHEMICAL CANADA, LTD., Semet-Solvay Dept., Toronto 
Western Distributor: WILSON & GEO. MEYER & CO. San Francisco+Los Angeles 
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@ A new vacuum die casting technique was 
introduced to the industry at the Die Cast- 
ing and Permanent Mold Luncheon, AFS Cast- 
ings Congress, by its inventor, G. R. Morton. 
By literally exploding the air out of the die 
cavity simultaneously with the shot of metal 
entering it, high speed production is ob- 
tained with a relatively small vacuum pump- 
ing system. Aluminum, zinc and magnesium 
base alloys are being successfully cast in the 
equipment. 


@ Talk about diversification! Hampden Brass 
& Aluminum Co., Springfield, Mass., exhibited 
at the Engineered Castings Show aluminum 
castings made by sand, permanent mold and 
die casting, plus . . . helicopter countervanes 
made by pressure casting an epoxy resin-fiber- 
glas mix! So don’t limit your casting think- 
ing to metallic materials. 


@ “All our weldments have been converted 
to castings,” said G. M. Kutchman, W. A. 
Kates Co., manufacturer of flow regulators. In 
looking for new sources of castings at the 
Engineered Casting Show, Mr. Kutchman point- 
ed out that his company buys yearly about 
25,000 castings made of carbon steel, stain- 
less steel, titanium, zirconium, tantalum and 
yes, even illium. 


@ This chilled duc- 

tile iron missile 

launcher rail exhibited 

by American Brake Shoe at 
Engineered Casting Show 

saved the Martin Co. $3000 per 

unit over the previous method of 
fabrication. So cast for engineering 
economy. 


Editorial Staff 
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Mort, News Editor 
Kerrnu L. Porren, Production Editor 
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Matcoum Sourn, Art Director 


4 


S. C. Massari, Metallurgical 
H. J. Wesenr, Safety, Hygiene, 
and Air Pollution Control 
R. E. Berrer.ey, Educational 
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J. M. Ecxert, Advertising Manager 
VIRGINIA SUTTERBY, 
Advertising Production 


Evans E. WALTERS, 
Readers Service 


® Highlights of talk by T. O. Kuivinen, The 
Cooper-Bessemer Corp., at the Ductile and 
Gray lron Round Table Luncheon, 63d Castings 
Congress, are worth noting “Eliminate 
the factor of ignorance in casting design 
and you can reduce the imposing factor of 
safety placed on castings . . . Cast parts must 
be producible as well as functional 
Designers lost faith in castings because of 
poor performance Castings must meet 
the ultimate goal—successful performance of 
finished product on part of user.” 


@ At Light Metals Round Table Lunch, 63d 
Castings Congress, some rather strong opin- 
ions were expressed on futility of casting 
test bars that mean anything. Some com- 
ments were . . . foundrymen pour test bars 
only because specs require them . . . separate- 
ly cast test bars tell nothing about quality of 
the casting . cutting test bars from criti- 
cal areas is expensive and only tells you how 
strong the casting was. 


@ Here's how Western Electric Co. is using 
400,000 castings yearly. Every time a telephone 
cable is spliced, the splice is encased in a 
2-piece aluminum die casting which is pres- 
sure-tight to retain the gas in the cable. 


@ American Steel 
Foundries exhibited at 
the Engineered Cast- 
ings Show a 220-lb 
steel “fifth wheel” for 
tractor-trailer truck. 
This is claimed to be 
the largest steel cast- 
ing made in a shell 
mold. It also uses the 
largest shell molding 
machine ever built. 
Plate size is 54x94 in. 


Published by American Foundrymen’s Society, Golf & Wolf Roads, Des Plaines, Ill. 
VAnderbilt 4-0181 


Wa. W. Matoney, General Manager 


District Managers 

Wo. I. EncLtenart—Cleveland 
14805 Detroit Ave. 
ACademy 6-2423 

James C. Kunz—Midwest 
Golf & Wolf Rds., Des Plaines, Ill 
VAnderbilt 4-0181 

R. E. McLovcuiin—New York 
205 E. 42nd St., Suite 318 
LExington 2-7711 

Joun Asncrart—European 
67 Ave. des Champs Elysees 
Paris 8, France 





the new 
SHELL MULL-ALL 


1. Complete preparation of shell sand for 
shell molding or shell coremaking (or 
conventional molding or core sand). 


. Cold process or preheat hot process resin- 
coated shell sand. 


. Acomplete, ready-to-operate package... 
easily installed . . . no pits. 


. Really compact .. . only 71% foot floor 
space required . . . only 7/4 foot overall 
height. 


Budget priced . . . traditional Beardsley 
& Piper durability at a cost within even 
small foundry budgets. 


. Skip-bucket loader, cooling fan and 
screening unit included in economy 
package. 


Batch capacity approximately 200 Ibs. 
Hourly capacity to 2000 Ibs. shell-coated 
sand (to 6000 Ibs. conventional molding 
or core sand). 


NEW SHELL CORE TEAM 


the new 


SF6 CORMATIC 


hollow shell core unit 


1. A complete shell coremaking unit . . . core 
box clamping, filling, dumping, curing and 
unclamping. 

Handles a wide variety of shallow and deep 
core boxes .. . up to 13 x 18 inches. 
Built by Beardsley & Piper to outperform, 
outproduce and outlast any other unit on 
the market. 
It’s compact (only 7 foot over all length) 
and low cost (real quality at a budget price). 
Manual or automatic operation (automatic 
control is optional). 

. Single station shuttle design, gas-fired curing, 
and other features for lowest-cost operation. 


Core box sizes to 13 x 18 inches—core box 
heights to 18 inches. 


BEARDSLEY & PIPER 


Div. Pettibone Mulliken Corp. + 2424 N. Cicero Avenue 
Chicago 39, Illinois 
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JNDRY COKE 


—a product of 38 years of 
pecialized experience and research 


ABC Foundry Coke was produced for the first time in 1920. It was good 
coke then. It is a far better coke today — unsurpassed for efficient cupola 
results by any coke made anywhere. 

Over the years, ABC has upgraded consistently the calibre of its coke. 
Its present-day superior standard of uniform quality is a combination of: 


CUMULATIVE EXPERIENCE for which there is no 
substitute. 

SCIENTIFIC BLENDING OF SPECIALLY PREPARED 
COKING COALS. 

MODERN PLANT FACILITIES which have been con- 
stantly improved and expanded. 


RIGID LABORATORY CONTROLS AND CHECKS of all 
materials used in coke production. 


CUPOLA TESTING to forecast coke performance. 


CAREFUL SCREENING to insure correct sizing for any 
cupola operation. 


SKILLED PERSONNEL which includes highly trained tech- 
nologists, chemists, engineers, metallurgists and 
research workers. 


Whatever the requirements of your operation, you will find the right 


size. ..the right type of ABC Foundry Coke to give you the very best 
melting performance. Your inquiries are invited. 
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A Lester B. Knight & Associates, /nc. Case History 
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Knight 
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For consultation on any foundry problem, large 


orsmall, call on Lester B. Knight & Associates, Inc 


KNIGHT SERVICES INCLUDE 


Foundry Engineering « Ar te 

Management « Industrial E 

Flexible Budgeting «P 
Materials Ha 


Manageme 
Member 


New York Office—Leste 


Knight Engineering Establis 
Lester B. Knight & Ass 
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ALL THE MERITS OF |! 
QUALITY ARE YOURS 


with WEDRON SILICA... 


As foundry casting operations become more and more accurate, 

higher quality sands become increasingly important. This is why it pays to use 
the rounded-grain sands from the famous Wedron-Ottawa deposits. 

Wedron Silica is available in 24 A. F.S. grades for all casting needs. 

Special shell molding and CO» grades are unparalleled for uniformity and purity. 


eURE s, 
. o° wEDRON 
VVEDRON SILICA COMPANY Cay 


135 South LaSalle Street + Chicago 3, Illinois : 
Send for illustrated brochure on Wedron sands. MINES AND MILLS IN THE 
WEDRON-OTTAWA DISTRICT 
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Build an idea-file for improvement and profit. 
The post-free cards on the last page 
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MULLER PLOWS for replacement 
service on Simpson machines increase 
service life 18 times; increase cost less 
than 4 times. Plow tip and other wear- 
ing surfaces are clad with tungsten car- 
bide blocks. Circle the number below on 
the Reader Service Card, last page, for 
latest information about this product. 
National Engineering Co. 
For Manufacturer's Information 
Circle No. 1, Page 141-142 


“TIG” WELDER ... provides complete, 
remote, tungsten-inert-gas shielded arc 
welding facilities in one compact 180-Ib. 
package. Hobart Brothers Co. 


For Manufacturer's Information 
Circle No. 2, Page 141-142 


LOW COST DIECASTING .. . is prin 
cipal claim of new 2-1/2 lb capacity, 350 
shot per hour, hot chamber die casting 


machine. Die thickness 6 in. min; 16 
in. max. Locking pressure 150 tons. 
American Die Casting Machinery Co. 
For Manufacturer's Information 
Circle No. 3, Page 141-142 


LIQUID ALUMINUM can be cast 
without heat or pressure. Reportedly 
hardens within two hours after adding 
hardener. Castable and bonding mate- 
rial. Devcon Corp. 
For Manufacturer's Information 
Circle No. 4, Page 141-142 


FILLETING COMPOUND . 
cent epoxy resin useful in 
leaks in core boxes, enlarging gates, fill- 
ing a crack where the gate meets the 
pattern or for general filleting purposes. 
Carl H. Biggs Co. 


For Manufacturer's Information 
Circle No. 5, Page 141-142 


100 per 
repairing 


METAL MARKER . is 
marking tube for permanent coding of 
castings as well as wood, plastic and 
glass. Manufacturer states fast-drying ink 
withstands heat and weathering, and will 


ball poml 


will bring more information on these new . . . 


and processes 


not chip, peel, fade or rub off under 
adverse conditions. Available in seven 
colors. John P. Nissen, Jr., Co. 


For Manufacturer's Information 
Circle No. 6, Page 141:142 


PLASTIC CORE BOX VENT. . de- 
signed for quick replacement of screen 
and slotted vents in core boxes and 
blow plates. Manufacturer states life of 
plastic vent is up to five times greater 
than other vents. They can be mounted 
on vertical walls of core boxes without 
distorting or restricting removal of cores. 
Better Foundry Products. 


For Manufacturer's Information 
Circle No. 7, Page 141-142 


DEBURRING AND FINISHING . . tool 
designed for finishing of protruding radii 
and convex surfaces of castings. Portable, 
lightweight belt grinder has three work- 
ing surfaces, adjustable for large or small 
radii. Peterson Tool & Mfg. Corp. 


For Manufacturer's Information 
Circle No. 8, Page 141-142 


PATTERN STORAGE ... on steel shelv- 
ing saves space—744 lineal ft of shelving 
provides 18,000 sq ft. Penco Metal Prod- 
ucts Div., Alan Wood Steel Co. 


For Manufacturer's Information 
Circle No. 9, Page 141-142 


FURNACE MELTING STATION 
master control station for induction 
melting furnace includes all components 


in minimum floor space. Complete for 
air, vacuum melting. Ohio Crankshaft Co 


For Manufacturer's Information 
Circle No. 10, Page 141-142 


INVESTMENT PATTERNS . . 
produced from new synthetic, wax-like 
Manufacturer claims 
uniform quality and physical character 
Pattern 


. can be 
pattern material. 


istics produce consistent results 


Continued on page 10 





Louthan 
strainer cores 
cut foundry costs 


You minimize casting problems, 
get cleaner castings when you use 
Louthan refractory strainer cores. 
Now available in more sizes and 
shapes—and for steel, iron, brass 
and bronze castings. All provide 
an accurate choke for positive 
control of metal flow, eliminate 


slag and oxide inclusions, 


Write for Free Gating 
and Risering Refrac- 
tory Folder. Complete 
file of specifications on 
all Louthan products. 


LOUTHAN 


MANUFACTURING COMPANY 


G 
A DIVISION OF AAA CorPORATION 


EAST LIVERPOOL, OHIO 
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PAYLOADE R’ 


indoors and outdoors 
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Most foundries find that smaller 
“PAYLOADER” tractor-shovels best 
meet their needs. But in this one 
a big 4-wheel-drive model is just 
right. “I couldn’t have bought 
equipment better fitted to the job 
if I had paid twice as much,” says 
Don LaTulip, the owner. 


Four times a day it works indoors 
scooping up the hot sand, gagger 
rods and scrap from the pouring 
floor and dumping it on grizzly 
bars. Outdoors it picks up and 


Name 


Title 


SUBSIDIARY — INTERNATIONAL WARY vesves Company — Company 


Send data on the 


Complete PAYLOADER line 
and attachments City 


Street 


loads out the cupola drops and 
waste, including 1'!4 ton slag 
skulls, also levels the waste dump 
and does crane and carrying work. 


There is a proven size and type in 
the complete “PAYLOADER” tractor- 
shovel line that will just fit the 
tough handling jobs in your plant 
or yard, Carry capacities from 2,000 
to 12,000 Ibs., plus crane hook, lift 
forks, pick-up sweeper and snow 
plow attachments. A Hough Dis- 
tributor is ready to serve you. 


State 
5-B-6 
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products and processes 


Continued from page 9 


Materials Div., J. I. Holcomb Mfg. Co 
For Manufacturer's Information 
Circle No. 11, Page 141-142 


GLASSED DUCTILE FITTINGS . 
with strength and thermal shock resist- 
ance that exceeds gray iron will be 


i | 


Standard shape fittings 
range of sizes. 


available July 1. 
will be available in 
Pfaudler Co. 


For Manufacturer's Information 
Circle No. 12, Page 141-142 


PORTABLE X-RAY . employs 50-lb 
generator, is small enough to pass 
through 6-in. opening, powerful enough 
to radiograph 1-1/4-in. steel in 45 sec. 
Picker X-Ray Corp. 
For Manufacturer's information 
Circle No. 13, Page 141-142 


LOW HEADROOM HOISTS .. . ar 
standard in new line of 1-1/2 to 7-1/2 
ton capacity units. Robbins & Myers, 
Inc. 


For Manufacturer's information 
Circle No. 14, Page 141-142 


STICK-SHIFT FORK LIFT. . . gaso- 
line-engined fork truck with standard 
transmissions and clutches have been 
added to line. Clark Equipment Co. 


For Manufacturer's Information 
Circle No. 15, Page 141-142 


SAFETY AND STYLE .. . are pro- 
vided in new line of safety glasses with 
frames styled after those provided with 
prescription types. Sellstrom Mfg. Co 


For Manufacturer's Information 
Circle No. 16, Page 141-142 


clothing is 
alumi- 
asbestos 


HOT SUITS... 
available in duck material with 
nized outer surface, rayon and 
backing. Frommelt Industries. 


For Manufacturer's Information 
Circle No. 17, Page 141-142 


protective 


CONTINUOUS CASTING .. . of alu 
minum strip is suggested as an auxil- 
iary or side line operation for foundries. 
Newly developed integrated machine 


Continued on page 18 








The alloy 


that can save 


a casting 4. 


: 
“— . Vancoram Ferrovanadium! A small amount of ferrovanadium gives 
castings extra strength and extra durability. It is one of the most powerful carbide-forming 
agents you can use—castings resist structural changes even at high temperatures. Ferrovanadium 
restrains graphitization, too. Graphite flakes are small and uniform in size, thus improving the 
tensile strength of the metal. Now what about the economics of vanadium? Because you use so ///le to do so muc/ 
Vancoram Ferrovanadium is far more economical to use than you may realize. And it's plentiful! For more facts about thi 
useful alloy, write us or call any distributor of VCA foundry products. Vanadium Corporation of America, 420 Lexington 


Avenue, New York 17, N. Y. + Chicago + Cleveland + Detroit + Pittsburgh 


VCA Iron Foundry Products are also distributed by: Paciric Metats Co., Lip. * STEEL SALES CORPORATION 


J. M. TULL METAL & Supply Co., INC. * WHITEHEAD METALS, INC. * WILLIAMS & COMPANY, IN¢ 


_ VANADIUM 
Producers of alloys, metals and chemicals OSes ( x IR PORATIC YN 
OF AMERICA 
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YOu’LL FIND GOLD 
IN THIS NEW 25 POUND OLIN ALUMINUM INGOT! 





2814" 














Now, a 25 pound ingot from Olin Aluminum. 
Consider its advantages for you! 


Smaller size. Easier to store, easier to gauge metal supply for 
closer control. 


Lighter weight. 25 Ibs. vs. 30 Ibs. Greatly increases handling 
efficiency. 
Deeper notches. Easier to break. Saves time, eases work load. 


More sections. 3 notches, 4 sections vs. 2 notches, 3 sections. 
Reduces waste. 
Same price per pound as 30 Ib. ingot. Olin Aluminum is the 
only prime supplier producing a 25 pound ingot, and at no 
additional cost. 


America’s new major aluminum producer, Olin Aluminum, is 
also the newest source of profitable ideas for foundrymen. 
Take advantage of it. Contact your nearby Olin Aluminum 
Sales Office or Authorized Distributor of casting alloys. 
Ask for our pig and ingot technical data bulletin. 
Metals Division—Olin Mathieson Chemical Corporation, 
400 Park Avenue, New York 22, New York. 


Symbol of New Standards of Quality 
and Service in the Aluminum Industry 
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With Mogul you can see the difference! 


For years, experienced foundrymen have looked efficient production, the combination of Mogul 
to Mogul Cereal Binder to help them consistently and Dexocor is unbeatable. 
turn out top-quality cores. First choice in cereal 
binders, Mogul gives perfect green bond, offers ; aa 
unusual dependability in spite of usual wide vari- Your Corn Products technical representative is 
otjens tn os lling ti t f A wnat completely versed in the application of these and 
: ang Tans, types GS GANG, CUES Ghapes other binders and dextrines to mold and core 
and sizes. Mogul provides high green strength; making. Backed by years of experience, a com- 
cores hold their shape during handling and storage. pletely equipped foundry laboratory, and the 
They give good collapsibility and easy shake-out, extensive pmngeae 4 of ye — a ae 
i . ; ~_eel. processor, our technical representa ives wi e 
cutting down on strains and hot tears. The excel pleased to work with you to help develop the 
lent permeability of Mogul reduces costly blows combination of binders that's right for your needs. 
due to inadequate venting. Call our nearest sales office or write direct. 
Today, teamed up with Dexocor the dry replace- 
ment for core oil, Mogul performs better than ever. 


For outstanding performance on green bond, green © . 
sand, for better blowing, easy ramming, easy cereal binder 
shake-out. all-around improved handling and more 


eere, 

















CORN PRODUCTS SALES COMPANY 17 BATTERY PLACE, NEW YORK 4, N.Y. 
“eae? Other fine products for the Foundry Industry: DEXOCOR® + KORDEK® binders » GLOBE® dextrines 
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FROM TOM BARLOW 


The trend in molding: 


accentuate the additives 


In green sand molding, progress is 
more apt to be a matter of evolution 
than revolution. Changes have been 
so gradual that we sometimes fail 
to notice how drastic a difference 
the last thirty years have made. Did 
you ever meet and old schoolmate 
after twenty years and notice how 
much he had changed? In the same 
way, a Rip Van Winkle of molding 
would be startled by what he would 
see today — The Age of Additives. 


Age of Natural Sand 


Sand practice has come through at 
least three distinct phases — with 
minor but important growths within 
each period. By-passing ancient his- 
tory, we can start with the Age of 
Natural Sand. During this time, 
the only molding sands were mix- 
tures of sand, clay, silt and miscel- 
lany as they occurred in nature. 
These sands are still used and prob- 
ably always will be for special ap- 
plications and/or shops without 
adequate sand conditioning equip- 
ment. They were easy to control 
because there was nothing to control 
— other than the source from which 
you bought them. 


Age of Synthetic Sand 


The introduction of Revivo (to re- 
vive worn-out sand) by ECP was a 
pioneering move toward the Age of 
Synthetic Sand. At first, the bond- 
ing clays were added to used natural 
sand (today we call these semi-syn- 
thetic). Later foundries started with 
clean sand and added _ sea-coal, 
pitch, etc. Western Bentonite pro- 
duced somewhat different proper- 
ties and advanced a little farther 
from the parent natural-sand values. 
Lower moisture, high toughness and 
more permeability became the order 
of the day. Soon N. J. Dunbeck (of 
Eastern Clay Products) introduced 
and patented the use of southern 


modern castings 


14 ° 

















bentonite (known then and now as 
Dixie Bond). More flowability and 
permeability with lower hot and dry 
strengths opened up new possibili- 
ties. Today, foundrymen recognize 
that no one clay can be best for 
every application. To be impartial 
in our service and sales work, we 
produce all three (and some com- 
binations, such as Balanced Revivo) . 


Now—the Age of Additives 


We now approach the Age of Ad- 
ditives which probably dates back 
to ECP’s introduction of Westonite, 
the original waterless molding 
sand, The purpose of this program 
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was to combine flowability, tough- 
ness and strength in the same sand. 
This cannot be done by clay alone! 
When synthetic sand was young, 
many people thought only in terms 
of one clay—only one way to skin 
the cat. They now know there are 
many — each with its own virtues. 
For example, Dixie Bond is not a 
direct substitute for Black Hills Ben- 
tonite and vice versa. The same 
philosophy is true of flowability 
additives. No one can do all jobs 
equally well. They vary consider- 
ably in their effect on green 
strength, hot strength, dry strength 
and impact strength. 
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NEW CHIP OFF THE OLD FAMILY TREE 


Have a cigar! There’s a new addi- 
tion to the line of Eastern Clay 
additives — Z-Flo. Following is a 
word picture of the type of foundry 
that might profitably adopt the 
baby. If one or more of these shoes 
fit you, why don’t we discuss it in 
person — in detail. 


DO YOU... 
© Require a versatile sand? 


©@ Use a slurry system of clay addition? 
© Have trouble with cuts and washes? 











In this Age of Additives, there’s a 
best additive for what you do. We 
have the entire range to work with 
and the know-how to make impar- 
tial and accurate recommendations. 
Our research, experience and desire 
to serve may help you make more 
money through better castings. 


Creators of 
Living Minerals 


eS) 


Want a sand that isn't waterproof? 
Require a high-durability additive? 

® Lack adequate mulling time or 
equipment? 

© Use either natural or synthetic sand? 

© Have trouble with deep pockets? 

© Have broken molds from rough 
handling? 

© Use too many facing sands? 


© Want to use more Dixie to reduce costs 
and still want good dry strength and 
toughness? 





NS 
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EASTERN CLAY PRODUCTS 
A FAMILY PORTRAIT 


ALL IN THE FAMILY 

Here's a picture of molding progress through the last 20 years. Westonite triggered 
the Age of Additives. Today — in addition to Maplex (pure hard maple flour) — 
we insist on producing three distinct grades of additives for better finish, better 
peel, better casting tolerance and reduced casting defects. In future columns, we 
will clarify the differences between them, based on both research data and operat 
ing experiences. You will have the chance to determine for yourself what member 
of the Eastern Clay Products family is of greatest interest to you. Don't miss the 
next exciting episode in the lives of the additive family. The cast includes: TRIP- 
LACT, the oldest; PLASTI-BOND, the most popular; Z-FLO, baby of the family 


EASTERN CLAY PRODUCTS DEPT. 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 


Administrative Center, Old Orchard Road, Skokie, Illinois « ORchard 6-3000 ' 
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WITH TAYLOR ZIRCON wat MIX 


Mould 


Manufacturer 
cuts 














induction 
furnace 
lining costs 





Pouring a heat of grey iron from 650 Ib. high frequency induc 
tion furnace lined with TAYLOR ZIRCON No. 717 Ramming Mix. 


TAYLOR ZIRCON No. 717 Ramming Mix has cut refractory lining 
costs in half for a mid-west mould manufacturer. In addition, average 
number of heats has increased. This company melts, grey iron in 650 Ib. and 
1000 lb. induction furnaces to produce moulds for the glass industry. 


Alert foundries are standardizing on TAYLOR ZIRCON 
Ramming Mix as the most economical lining for high frequency furnaces. 
High softening point, low thermal conductivity, high di-electric 
strength, and volume stability make TAYLOR ZIRCON an excellent 
refractory for this service. For detailed information, write direct, 
or call in a Taylor field engineer. 






Exclusive Agents in Canada: Vor +s TA 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. et SON bummen The C H AS. TAY LOR SONS Co 
Hamilton and Montreal MY) ’ A SUBSIDIARY OF NATIONAL LEAD COMPANY 
REFRACTORIES SINCE 1864 e CINCINNATI ¢ OHIO « U.S.A. 
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CONTROLLED QUALITY CASTING FINISH 


BEGINS WITH 


QUALITY CONTROLLED 
DELTA CORE AND MOLD WASHES 





DELTA 
FOUNDRY PRODUCTS 


a 
CORE AND MOLD WASHES 
Plastic-type and powder-type for 
steel, malleable, gray iron and 
non-ferrous castings. 
. 
PARTINGS 
Powder Type, Liquid Type, 
Concentrate. 


s 
SPECIFICATION CORE OILS 
to meet every core making and 

baking requirement. 
o 
CORE RESINS 


«6 
CORE BINDERS 
7 
SILICATE-COLD PROCESS 
BINDERS 
* 
MOLD SPRAY BINDERS 
® 
MUDDING AND PATCHING 
COMPOUNDS 


e 
MILL COATINGS 
. 


SPECIALTY PRODUCTS 
Chill Oil * Sand Conditioning Oil 
* Sand Release Agent * Permi- 
Bond * Core Adhesives * No-Vein 
Compound * Mold Seal Compounds 
* and many others. 


MANUFACTURERS OF 


Quality control, at Delta, starts with the raw materials as they 
are received at the plant. Before permission is given to unload, 
samples are sent to the laboratory for approval. 


Intervals and techniques of sampling are important in both raw 
materials and manufacturing processes. Any deviation from 
approved methods could confuse the most exacting quality 
control operation. 


Means and mechanisms for the operation and regulation of 
equipment . . . for the control of time and temperature factors 

. are often critical considerations in the control of product 
quality. Variations are restricted to prescribed tolerances which 
are constantly supervised by quality control personnel. 


Delta’s control of product quality is the user’s assurance of prod- 
uct uniformity. And the product uniformity of Delta Products 
is a critical factor in the quality control of casting finish. 


IN FOUNDRY SCIENCE 
AND CHEMICAL RESEARCH 


TEAMWORK ... 


Get the facts... Working samples and complete 
literature on Delta Foundry Products will be sent to 


you on request for test purposes in your own foundry. 


MILWAUKEE 9, 


DELTA OIL PRODUCTS CORP. WISCONSIN 


SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS 


Circle No. 158, Page 141-142 
June 1959 * 7 














Don’t Gamble with | 
Iron Quality | 





use Famous 


CORNELL cupota Fiux 


for Gray Iron and Malleable Foundries 


USE FAMOUS CORNELL CUPOLA FLUX with each ton charge 
of iron. Your iron will be cleaner. Your scrap losses will be 
less. You'll get greater tensiles and the increased lining life 
both in cupola and ladles will save you money in manpower 
and materials. Why not call a Cornell Flux engineer today 
and assure yourself of cleaner iron every time. 


P.S. If you melt aluminum, copper or brass, try 
Famous Cornell Aluminum, Copper or Brass Flux. 


Write for Bulletin 46-A. 


don’t accept substitutes An he 
sree ences TT 
Lu 


Ue CLEVELAND FLUX Genpauy 


1026-40 MAIN AVENUE, N.W. ¢ CLEVELAND 13, OHIO 
Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
Circle No. 159, Page 141-142 
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products and processes 
Continued from page 10 


is said to produce 4 tons of 1/8-in. 
strip hourly. Lobeck Casting Processes 


Inc. 
For Manufacturer's Information 
Circle No. 18, Page 141-142 


MOLD SHOOTER .. unit for producing 
stack molds has built-in COe gasser. 
Single master control shoots mold, gasses, 
strips, and reloads machine with sand. 
Hansberg Shooters Inc. 


For Manufacturer's information 
Circle No. 19, Page 141-142 


DUCTILE IRON ... is produced more 
efficiently with alloy 55, a new high- 
magnesium silicon-base composition. 
Suitable for use in plunging technique. 
Union Carbide Metals Co. 


For Manufacturer's Information 
Circle No. 20, Page 141-142 


HEAT SHIELD .. Pyrex glass shield 
reflects heat to provide comfort for work- 
ers near melting, heat treating or baking 
operations. Corrning Glass Works. 
For Manufacturer's Information 
Circle No. 21, Page 141-142 


SHELL CORE BOXES .. . are avail- 
able cast-to-size by Shaw Process. Ledg- 
es on boxes permit use of inexpensive 
clamps. Wisconsin Pattern Works. 


For Manufacturer's Information 
Circle No. 22, Page 141-142 


STAINLESS ALLOYS .. in new group 
of molybdenum-containing alloys of 18-8 
type, and designated as PH55 series, 
are planned to meet requirements for 
high strength and hardness with greater 
corrosion resistance. Cooper Alloy Corp. 


For Manufacturer's Information 
Circle No. 23, Page 141-142 


CAR SHAKER ... for unloading covered 
railroad hopper cars cuts handling time. 
National Air Vibrator Co. 


For Manufacturer's Information 
Circle No. 24, Page 141-142 


POLYESTER RESINS . . for fabricating 
plastic parts by hand lay-up are avail- 
able in new line. Interchemical Corp. 


For Manufacturer's Information 
Circle No. 25, Page 141-142 


ELECTRIC TRUCKS . . for use in 
crowded quarters available in 2000- 
Ib and 3000-Ib capacity models. Elwell- 
Parker Electric Co. 
For Manufacturer's Information 
Circle No. 26, Page 141-142 


CO. GASSER .. . pressure gassing ma- 
chine features 25 x 30-in. conveyorized 
table and cast spacers for quick vertical 
height adjustment, 20 x 24-in. gassing 
head and timing controls Alphaco, Inc. 


For Manufacturer's Information 
Circle No. 27, Page 141-142 


METALLURGICAL MICROSCOPES 

. . for quick, accurate routine exami- 
nation of metal specimens are available 
in new, low-cost line. Bausch & Lomb 
Optical Co. 


For Manufacturer's Information 
Circle No. 28, Page 141-142 


LARGE DIE CASTINGS .. . such as 


Continued on page 20 
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...get fast delivery on any aluminum 
alloy pig or ingot from your 
REYNOLDS INGOT DISTRIBUTOR 


The old cliche, “time is money”’ really hits 
home when your casting operation is held 
up for want of metal. But if that metal is 
aluminum, there’s no problem. Just call 
your local Reynolds Ingot Distributor. 
Chances are, the metal you need—in the 
right alloy and size will be at your doorstep 


in 24 hours or less from your Reynolds Dis- 
tributor’s stock. Or he can get you any 
casting alloy for prompt shipment from 
Reynolds plant inventory. 

Your Reynolds Ingot Distributor is geared 
to deliver the pig and ingot you need fast. 
Call him. 


REYNOLDS INGOT DISTRIBUTORS 


Abasco, Incorporated, P. O. Box 13367, Dallas 20, Texas e American Alloys Corp., 4446 Belleview, Kansas City, Mo 
Atlas Metal Co., 8550 Aetna Road, Cleveland 4, Ohio e Barth Smelting Corp., 99-129 Chapel Street, Newark, N. J. 
Bay State Refining Co., 8 Montgomery Street, Chicopee Falls, Mass. e Milward Alloys, Inc., Lockport, N. Y. 
Morris P. Kirk & Son, Inc., 2700 S. indiana St., Los Angeles, Calif. e Richards Corporation, 356 Commercial St., Malden, Mass. 
Sipi Metals Co., 1720 N. Elston Ave., Chicago 22, Ill. e Sonken-Galamba Corporation, 2nd and Riverview, Kansas City, Kansas 
Nathan Trotter & Co., 36 N. Front Street, Philadelphia, Pa. 


Watch Reynolds TV show—"*WALT DISNEY PRESENTS"’— every week on ABC-TV 


WRITE FOR 
FREE CHART 

OF REYNOLDS 
CASTING ALLOYS 


> 
_ 


The Finest Products 
Made with Aluminum 


are made with 


REYNOLDS G2 ALUMINUM 











Reynolds Metals Company 

Box 2346FL-6, Richmond 18, Virginia 

Please send me your free chart listing available Reynolds 
Aluminum Casting Alloys 


Name 
Company 
Address 


City Zone State 
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“Angular” 
Grit 


| if i 
Samson 


better chilled iron 


abrasives..and why 


PITTSBURGH CRUSHED STEEL CO. 


Subsidiaries: 


20 


We have made metal abrasives since 1888. We pioneered their use in 
place of silica sand for blast-cleaning. We have “grown up” with their 
expanding use, acquiring unequalled know-how and experience along 
the “ye No other maker of metal abrasives has an equal experience 
record, 


Since 1937 we have carried on a continuous program of research for 
improvement of metal abrasives with one of America’s foremost 
metals research organizations, No other metal abrasives maker has 
an equal record of research. 


Ours is the only plant in America using the HOT BLAST MELTING 
process for production of metal abrasives; this, plus fully automated 
processing, a the complete quality control that assures uni- 
formity of chemistry, structure and hardness from one lot to another 
—assures the user of obtaining the same high performance from 
every shipment of Samson Shot and Angular Grit. 


Experience, research, superior manufacturing facilities make these 
better chilled iron abrasives cheaper to use than those made to sell 
at a price. 


MALLEABRASIVE 
Shot and Grit 


LEADERS in development of 
PREMIUM-TYPE ABRASIVES 


The two best known names in premium 
abrasives were developments of two of our 
subsidiaries. MALLEABRASIVE, the first 
malleablized type of metal abrasive ever pro- 
duced, set the pace for development of all 
other makes of premium abrasives. TRU- 
STEEL Shot was the first high-carbon all 
steel ed sa to meet demand for this 
specialized type of abrasive. 


One of these products may do your blast-cleanin 
job better, and at lower cost. Write us for full 
information. 


TRU-STEEL 
Y), Shot 


Arsenal Sta., Pittsburgh 1, Pa. 


Steel Shot Producers, Inc., Arsenal Sta., Pittsburgh (Tru-Steel) 
Circle No. 161, Page 141-142 
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The Globe Steel Abrasive Co., Mansfield, Ohio (Malleabrasive) 


products and processes 


Continued from page 18 


meter and lamp housings and outboard 
engine blocks can be produced in new 
1000-ton die casting machine. Lester- 
Phoenix, Inc. 


For Manufacturer's Information 
Circle No. 29, Page 141-142 


NEW FERROCHROME .... . high-sili- 
con ‘refined chrome is claimed by pro- 
ducer to provide lowest cost chromium 
and silicon for either cupola or ladle 
additions to cast iron. Union Carbide 
Metals Co. 


For Manufacturer's Information 
Circle No. 30, Page 141-142 


dive deep 
into the information 
available by 
circling 
numbers on card, 
last page, 
and you'll be 
amazed 
at what you 
come up with. 


INGOTS IN TAILORED COVERS... 
bundles of aluminum and alloy ingots 
are being shipped in plastic covers to 
protect the ingots from weather and 
grease. Rother Smelting Co. 
For Manufacturer's Information 
Circle No. 31, Page 141-142 


AUTOMATED BLAST CLEANING .. . 
is available in system employing 12-ft 
tumbling barrels that are loaded, oper- 
ated and unloaded by automatic con- 
trol sequence. Pangborn Corp. 


For Manufacturer's Information 
Circle No. 32, Page 141-142 


DROP STAMP ... . straightens malle- 
able castings warped during anneal. Air- 
operated unit features simplified tooling 
set-up permitting application to short- 
run production. Chambersburg Engineer- 
ing Co. 
For Manufacturer's Information 
Circle No. 33, Page 141-142 


LADLE NOZZLES .. 
nated with coal tar pitch are said to 
provide production economies and an 
improved end product. Wood Preserving 
Div., Koppers Co. 
For Manufacturer's Information 
Circle No. 34, Page 141-142 


pressure-impreg 


PLASTIC RUBBER . . new material 
for pattern and core box manufacture 
or repair has been developed. Resists ab- 
rasion and erosion. Suitable for other 
foundry applications. Dike-O-Seal Inc. 
For Manufacturer's Information 
Circle No. 35, Page 141-142 


MONITOR CONTROL ... is available 
for automatic foundry machinery. Unit 
tells maintenance men where to find 
trouble when automated machine stops 
at any point in cycle. Gemco Electric Co 
For Manufacturer's Information 
Circle No. 36, Page 141-142 











Steel 
mill 
! td ill prepares for action... 


| ARSE bs 
{ee Ses oe 


. tl itt 
| a 


ame oe 


Ti 
BS 


st 


——s 


Vs 
yy 


> 
a re 


bi 


sii 


Preparations are nearly complete . . . and soon this giant 60-ton ladle, built to A.I.S.E. 
specs, will be pouring out profit for another satisfied Whiting customer. Cast steel trunion 
bases, forged steel trunions, and adjustable swivel-type bottom tapping lever guarantee 
low maintenance... easy control... . long, rugged service life. When you need ladies— 
capacities from 100 Ibs. to 200 tons—specify Whiting! 


FREE CATALOG... Describes over 200 ladie types and sizes. Write today! 
Whiting Corporation, 45698 Lathrop Avenue, Harvey, //linois. 


7 Sth year @& COST-SAVING EQUIPMENT.. WAY TO HIGHER PROFITS 


4 WHITING 


MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; TRACKMOBILES; FOUNDRY, RAILROAD, AND SWENSON CHEMICAL EQUIPMENT 
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KNOW HOW 


SODIUM SILICATES 


CAN SERVE YOU? 


(a) Phitadelphia Quarts Company Philadelphia 6, Pa 


This bulletin puts valuable facts 
about sodium and potassium sili- 
cates at your finger tips. It reviews 
the physical and chemical proper- 
ties of PQ Silicates that are useful 
in various industrial processes. 

Uses for sodium silicates which 
may have special interest for you 
. .. Sealants for porous castings * 
binders for cements, foundry molds 
* detergents for cleaning metals ¢ 
coagulant aids in water treatment. 
Mailed free by request on your busi- 
ness letterhead. 


PHILADELPHIA QUARTZ COMPANY 
1125 Public Ledger Bldg., Philadelphia 6, Pa. 


(WY) PO SOLUBLE SILICATES 


Associates: Philadelphia Quartz Co. of Calif. 
Berkeley &Los Angeles, Calif. ; Tacoma, Wash. ; 
National Silicates Limited, Toronto, Canada 
PO PLANTS: ANDERSON, IND.; BALTIMORE, MD.; BUFFALO, 


W.Y.; CHESTER, PA.; JEFFERSONVILLE, IND. ; KANSAS CITY, 
KANSAS; RAHWAY, NJ.; ST. LOUIS, MO.; UTICA, ILL. 
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James H. Smith . . . general manager, 
Central Foundry Div., GMC, since 1946 
on May 1 assumed supervision of the 
consolidated activities of Central Found- 
ry Division and Fabricast Divisions of 
General Motors Corp. Fabricast is now 
a part of the Central Foundry Division, 
and its two plants in Bedford, Ind., and 
Jones Mills, Ark., are now designated as 
Fabricast plants of the Central Foundry 
Division. 


George T. Dupre . . . associated with 
National Engineering Co., Chicago, 
since 1950, latterly as assistant to the 
president, has been named as midwest 
district sales manager. 


William A. Mader . . . has been named 
vice-president, Oberdorfer Foundries, 
Inc., Syracuse, N. Y., heading up the 
newly established Technical Service Di- 
vision, which combines the quality, serv- 
ice and laboratory control departments. 
Mader, associated with Oberdorfer for 
16 years in various technical and ad- 
ministrative positions, is a member of 


the AFS Central New York Chapter. 


Harry C. Ahl . . . is now manager, cast- 
ings sales, Custom Castings Div., Malle- 
able Iron Fittings Co., Branford, Conn. 


Kurt A. Miericke . . . is technical repre- 
sentative of foundries for Baroid Chem- 
icals, Inc., Houston, Texas, a subsidiary 
of National Lead Co. He will continue 
to headquarter in Chicago. 


Alexander Szabo with Pangborn 
Corp., Hagerstown, Md., since 1955, is 
now an abrasive engineer. Robert D. 
Rose, formerly with Industrial Metal 
Abrasive Co., has also been named abra- 
sive engineer. Both will headquarter in 
Chicago. 


Harold F. Schulte . with Wheela- 
brator Corp., Mishawaka, Ind., since 


J. H. Smith 


get personal 


1940 and acting chief engineer since 
April, 1958, has been named chief engi- 


neer,. 


Harold R. Warsmith . . . formerly gen- 
eral superintendent, Jeffrey Mfg. Co., 
Columbus, Ohio, has been named fac- 
tory manager. John R. Simon, formerly 
machine division superintendent, suc- 
ceeds Warsmith. 


L. B. Polen . . . formerly Buffalo plant 
manager, Allegheny Ludlum Steel Corp., 
is now manager of manufacturing for 
the company’s Forging and Castings 
Division which has been expanded to 
include the Buffalo foundry. He will 
direct production operations at both the 
Buffalo, N. Y. and Ferndale, Mich., 
plants of the division. Polen is Chairman 
of the AFS Western New York Chapter 


S. Pasick . . . is now sales and service 
engineer, Battle Creek Foundry Co., 
Battle Creek, Mich. He was formerly 
associated with Albion Malleable Iron 
Co. Albion, Mich., and Sterling National 
Industries, Milwaukee. Pasick is vice- 
chairman, AFS Central Michigan Chap- 
ter, and was formerly director of the 


AFS Detroit Chapter. 


Lewis H. Gross . . . formerly chief chem- 
ist and metallurgist with American-Stand- 
ard Radiator & Sanitary Corp., has been 
appointed to the faculty of Mergenthaler 
Vocational Technical High School, Ballti- 
more, Md., where he teaches metallurgy 
and foundry practices. He has been ac- 
tive in the Chesapeake Chapter, serving 
as chairman 1956-57, and was instrumen 
tal in developing the new school lab- 
oratories when constructed in 1953. 


Harry E. Gravlin, Jr. . . . formerly as- 
sistant general manager, parts and equip- 


ment manufacturing division, Chrysler 


Continued on page 116 


H. F. Schulte H. R. Warsmith 
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New England Malleable 
maintains high standards 


with HANNA PIG IRON 


Weighing from less than an ounce to more than ten pounds, the wide range of 
pipe fittings and other castings produced at New England Malleable Iron 
Company have one thing in common. They are all fine grain, close tolerance 
pieces that require a minimum of machining. 

This completely mechanized plant at Warwick, Rhode Island, helps assure its 
high standards with both Hanna malleable and Silvery pig iron. And it checks 
these standards almost continuously in a complete chemical and physical labo- 
ratory which makes hourly tests of the melt, and delivers reports in 30 minutes. 
New England Malleable, like many other Hanna customers, counts on the high 
metallurgical quality of Hanna pig irons for the production of denser, stronger 
castings with constant machining characteristics. These features are particularly 
true of HANNATITE®, a special iron possessing extra-fine grain structure 
with smaller, uniformly distributed graphite flakes. 

Whatever you cast, large or small, there’s a Hanna pig iron to do the job best. 
All regular grades, plus HANNATITE® and Hanna Silvery, are available in the 
regular 38-lb. pig or the new 12!4-lb. pig. For the iron to suit your particular 
needs, call a trained Hanna representative for assistance. 
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Machining is kept to a minimum by pre- 
cision casting at New England Malleable. 


THE HANNA FURNACE CORPORATION 
Buffalo « Detroit * New York * Philadelphia 
Merchant Pig Iron Division of 


NATIONAL STEEL leg CORPORATION 





THEIR 
ow ARE AS CLOSE AS YOUR TELEPHONE! 


By contacting FODECO (Foundry Design Let us arrange for you to visit any of the 
Co.), you may bring into your plant immediately companies who have availed themselves of our 
a foundry engineering service developed by ex- service. 
perienced personnel who can offer design ingen- 

‘ ; AMERICAN FOUNDRY & MFG. CO. St. Louis, Mo. 
uity for special purposes adaptable to your op- J. |. CASE CO. Racine, Wisc. 


erations. J. 1. CASE CO. Rockford, Ill. 
ELECTRIC STEEL FOUNDRY CO. Portland, Oregon 

F ° ° ° P P ELYRIA FOUNDRY DIV. OF CHROMALLOY CORP. Elyria, 0. 

At all times the objective is to achieve maxi- LAKEY FOUNDRY CORP. Muskegon, Mich. 
mum efficiency and coordination in melting— LUDLOW VALVE MANUFACTURING CO., INC. Troy, N. Y. 
‘ s of : : MACK TRUCKS, INC. (Steel Foundry), New Brunswick, N. J. 
molding—coremaking—cleaning. With such co- OTIS ELEVATOR CO. Yonkers, N.Y. 
ordination, foundry deficiencies are remedied and A. P. SMITH MANUFACTURING CO. East Orange, N. J. 
production increased. Complete foundry produc- TOWER GROVE FOUNDRY St. Louis, Mo. 
‘ ones ee ° ° VIKING PUMP CO. Cedar Falls, lowa 
tion layouts utilizing existing equipment or guid- WORTHINGTON CORPORATION Harrison, W. J. 
ing alterations, expansion or selection of new WORTHINGTON CORPORATION Buffalo, N. Y. 


equipment are fundamental functions of our WORTHINGTON CORPORATION Oil City, Pa. 
ania HONOLULU IRON WORKS CO. Honolulu, T. H. 


Affiliate: SORBO-MAT PROCESS ENGINEERS 





106 South Hanley Road * St. Louis 5, Missouri Telephone PArkview 5-6277 
Circle No. 165, Page 141-142 
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h ' e The right-hand set of graphs demonstrate the steady 
ow Ss usiness .<@ * upswing of business during the last half of 1958 
and continuing into 1959. Shipments for each of the 
last 12 months are compared with the corresponding 
‘ ’ month a year previously and the ratio converted to 
Business in the metalcasting industry is certainly picking-up. By per cent. For example, gray iron shipments were 
using statistics provided by the Bureau of Census, Department of 1,133,000 tons in March, 1957, and 796,000 tons in 
Commerce, Modern Castings has prepared this special comparison of March, 1958, or about 70 per cent of the 1957 rate. 
month-to-month metalcasting shipments for the years 1957, ’58 and So the curve starts at 70 per cent for March, 1958, 
59. On the left, horizontal bar charts give a direct comparison of each and climbs to 138 per cent for February, 1959, 
month for the two year period March 1957 through February 1959 when shipments of 1,037,000 tons exceeded by far 
and the accumulative total for the two years. the 753,000 tons shipped in February, 1958. 


Key-- 1957[-] I958f '959(] 
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SPECIAL Beam 
PACKAGE “—__ 





If the plunging technique fits your operation, you will 
be interested in Ohio Ferro-Alloys’ special alloy package developed 
specifically for this technique. Our Sil-Mag alloys are now 
available in cans containing the exact weight required for 
specific ladle treatments. The package is designed for 
insertion directly in the plunger. Possible alloy losses in 
handling and weighing operations are eliminated. 
MAXIMUM CONVENIENCE — MINIMUM COST... 
Write for your copy of our new brochure, 
“Plunging Sil-Mag Alloys.” 
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MAuRICE DALY 

Canadian Steel Foundries (1956) 
Ltd. 

Montreal, Que 


A small pill of radioactive co 

balt 60 can be a powerful atom 
ic camera capable of revealing the 
innermost secret ailments afflict 
ing your castings. 

Inspection of steel castings with 
radioactive cobalt 60 has been sat 
isfactorily employed for quality 
control at Canadian Steel Found 
ries for over five years. Although 
radiography with cobalt 60 is rela 
tively new, radiography using radi 
um dates back a good number of 
years. With many different isotopes 
now available, proper use requires 


a degree of proficiency in physics 


mathematics and chemistry 


REQUIREMENTS 


To qualify as an isotope radiog 
rapher, one must be trained in the 
following subjects: 

® Safety principles 

® Radiographic techniques 

® Metal fabrication methods 

® Fundamentals of metallurgy 
This can only be achieved through 


education and practical experienc 


COBALT 60 


Cobalt is an artificially produced 
radioactive isotope It is made by 
placing the “target cobalt metal 
into an atomic pile and irradiating 
it for a period of time. As the 
target absorbs neutrons, it imme 
diately becomes unstable, emitting 
useful and) or harmful gamma rays 
These invisible rays are useful if 
employed in such fields as Cance! 
therapy, gaging, industrial radiog 
raphy, etc. With these gamma rays 
one can inspect the “inside” of a 
casting to determine its soundness 
or unsoundness 

Gamma rays can harm the hu 
man body and care should be taken 
to prevent the body from. re 
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(Light or Gomme Roy) 
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Negative Shadow 
Penumbral Haze 


Fig. 2 . . Shadow formation: Case A, source of 
radiation smaller than object casting shadow; 
Case B, source larger than object casting shadow. 


ceiving excessive amounts of radiation. If the individ- 
ual exercises proper care and remains aware of the 
safety principles, the element of danger can be elim- 
inated. 

The characteristics of cobalt 60 isotope are shown 


in Table 1. 


PROCEDURE 

Radiographic technique requires the placement of 
a sensitized film immediately behind a casting or sec- 
tion of a casting. The film in turn is sandwiched be- 
tween shields slipped into a cassette. The radio- 
active “pill” of cobalt 60 is placed at a predetermined 
distance facing the casting. Part of the gamma rays 
emanating from the isotope will penetrate the casting 
and part will be absorbed. 

The amount absorbed will depend upon the thick- 
ness of the material and its density. Thick sections 
absorb more of the radiation than thin ones. The 
radiation passing through the casting impinges on the 
film in the cassette. The greater the amount of radia- 
tion reaching the film, the darker will be the resultant 
image. Voids or thin areas will stand out in contrast 


Fig. 3 . . Group of casting arranged around a 
single source to be radiographed simultaneously. 


a 
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against the surrounding homogeneous metal. 

Figure 1 illustrates a typical exposure. The discon- 
tinuities which appear on radiographs take on many 
different forms, depending on their nature. The re- 
corded image on the radiograph is, in effect, a shadow 
picture of the object that has been placed in the 
path of the gamma rays. So the relative positions of 
the object, film and direction of the rays are impor- 
tant factors in obtaining a radiograph of high defini- 
tion or one that is poor in definition. 

Proper interpretation of radiographs requires famil- 
iarity with the basic principles of shadow formation. 
Possibly the most comprehensive method of describ- 
ing shadow formation is the one given by Emerson’. 
A schematic diagram showing the geometric princi- 
ples of shadow formation, taken after Doan?, is repro- 
duced in Fig. 2. Reference to text books* * will help 
acquaint untrained technicians to these principles of 
geometric unsharpness. 


TECHNIQUES 


A few of the more popular techniques for radio- 
graphy with isotopes follow. 


‘TABLE 2: PENETRAMETER Peers 





Clarity of 
~ 
sharp 
sharp 
fair 


1) The multi-specimen panoramic exposure setup 
—a group of castings are circled about the source 
and exposed simultaneously (Fig. 3). 

The circumferential panoramic exposure setups 
—the source is centered inside a cylindrical ob- 
ject and a series of films are placed round the 
object (Fig. 4). 

The double-wall technique—the source is posi- 
tioned slightly off from perpendicular and some 
distance away from the object (Fig. 5). An 
elliptical view is obtained in this method, fre- 
quently used when radiographing welded pipe 
seams. 


VERSATILITY 


Tabulated below are a number of ways in which 
the radio-cobalt isotopes are employed by Canadian 
Steel Foundries: 

® Radiographing pressure castings with metal thick- 

ness range from 1/2 to 9-1/2 in. 

® Radiographing pilot castings to improve produc 

tion techniques and minimize scrap. 

® Radiographing risers to see how they are func- 

tioning. 








Radiographing “graphite” bottom-pouring ladle 
stoppers to prevent loss of heats due to faulty 
stoppers. 

Radiographing unsound areas to assure the com- 
plete removal of defects prior to welding. 

Radiographing the welded locations to establish 
the soundness of the technique. 

Radiographing weld bars or plates to examine 
the competence of the welders. 

*" Radiographing groups of castings overnight to 

__ _ _ Save many valuable daytime hours. 

" Radiographing castings on location to obviate 
dismantling the casting from an assembly to 
transport it to the Radiographic Department. 
The source is transported in its lead safe to 
the object to be inspected and radiograph is 
made on location. 


EXPERIMENTAL WORK—RESULTS 

To determine the sensitivities that could be resolved 
with cobalt 60 on thin sections of steel castings, a 
National Research Council Wedge Penetrameter® was 
obtained (Fig. 6). This “N.R.C. type calibration 


pe Main Line in 
(approximate) (Me V) 
1200 kv 1.17; 1.33 
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wedge” contains three slots with individual depths 
at any one point on it equal to 5 per cent, 3 per 
cent and 2 per cent of the thickness of the wedge. 

Although the majority of work demands 2 per cent 
sensitivity, it was decided to further the tests and 
see whether sensitivities of better than 2 per cent 
could be obtained. To do this, flat type penetrame- 
ters, 1/2-in. wide, 1-1/2 in. long and thickness equal 
to 2 per cent of the metal thickness being exam- 
ined, were placed on the top slope of the wedge. 
Each penetrameter contained drilled holes having 
diameter of 1T, 2T and 4T where T is the thickness 
of the penetrameter. The resolved sensitivities would 
be 1.4 per cent, 2.0 per cent and 2.8 per cent re- 
spectively. Table 2 gives the results obtained. 

Because many castings demanding radiographic 
inspection are more than 3.5 in. thick, and since this 
wedge ranged in thickness from 0 to 3.5 in., the 
sensitivities obtainable beyond 3.5 in. were also que- 
ried by using penetrameters similar to those described. 
Thus far, Canadian Steel Foundries has encountered 
castings with metal thickness up to 9.5 in. The results 
of these inspections are also shown in Table 2. 


Jeries of Films strapped round object. 


/ Source positioned in centre. 


Fig. 4 . . Gamma ray source is in center of cylin- 
drical object and sheets of film are placed outside 


Most papers and technical books on gamma radiog 
raphy of steel place a limit of 6.5 in. as the practical 
thickness range of radiocobalt for a sensitivity of 2 
per cent or better. However we have obtained sen 
sitivities of 2 per cent on steel reaching 9.5 in 

A typical example of this is the recent inspection 
of segmental and _ track girders to be used for the 


Average Cost 
(each) (dollars) 


below 200 

200 
200 - 300 
300 - 400 
400 - 600 


Fig. 5 . . Source placed off from perpendicular 
and at a distance produces an elliptical view 
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—Radiocobalt is small in size, enabling its insertion 
into confined locations of complex castings. 
—It has a small focal point and a high intensity, 
permitting short source to film distances. 
—The wide latitude of the radiographs allows mul- 
ti-thick specimens to be exposed on a single film. 
® Besides cobalt 60 there are a number of other 
radioisotopes available for specific tasks*. The metal 
thicknesses for which these isotopes are best suited 
are as follows: 


Cobalt 60 — approximately 1.0 in. to 7.0 in. steel 
Iridium 192 — (0.7 in. to 2.0 in. steel 


Fig. 6A . . Representation of calibration wedge Thulium 170 — 0.2 in. to 1.2 in. steel 
used to determine the sensitivity of cobalt 60. Sodium 24 4.0 in. to 12 in. steel 
Cesium 137 1.5 in. to 4.0 in. steel 
St. Lawrence Seaway. The metal thickness at the Tantalum 182 1.0 in. to 7.0 in. steel 
sections requiring radiographic examination were 8.5 
in., 9.0 in. and 9.5 in. Though the specifications This wide selection of isotopes renders possible the 
g I I 
called for a sensitivity of 4 per cent, sensitivities of inspection of all steel thickness ranging from 0.2 in. 
2 per cent were successfully obtained. See Table 2. to 12 in. The recent construction of nuclear reactors 
The experimental results have led the author to for research on radioactive isotopes augments the 
. I 
conclude that optimum radiographic sensitivity can author’s faith that the field of isotope radiography 
gray graphy 
be constantly obtained, when radiographing with co- will continue to expand and that many advances 
balt 60, if one: can be foreseen for the future. 
a) Minimizes geometric unsharpness; 
: ; aki es ' ; ACKNOWLEDGMENTS 
b) Establishes a lower limit on the film density tated 
when radiographing steel thicknesses below 1.5 The author wishes to thank the management at 
in. Densities above 2.5 are best; Canadian Steel Foundries for their interest and co- 
Uses a fine grain film such as type “M” when operation; and Mr. W. E. Havercroft of the Depart- 
radiographing steel thicknesses below 1.5 in.; ment of Mines and Technical Surveys, Ottawa, for 
Uses front lead screens 0.010 in. thick with supplying the calibration wedge photograph and for 
back screens 0.030 in. thick: his interest and helpful comments. Thanks also to 
Employs a lead “backup” to serve as a shield Mr. F. Dufour for his cooperation in preparing the 
against back scatter and to act as a weight main- tables herein. 
taining the intimate contact between fi é 
g , t ct bet n film and REFERENCES 
screens. The thickness of the lead backup used ; ;, , 
4 P 1. Emerson, R. W., The Gamma-Ray Rediccrephy of Welded High 
for these tests was 0.250 In.; Pressure Power Plant Piping. Symposium on Radiography, American 
os atin : Society for Testing Materials, Philadelphia, 1943, p 167. 
f) Always maintains the temperature of the proc- oe eee, nek Pee Geaee, Cetin Gieerate, Pre- 
essing solutions around 68 F. — American Society for Testing Materials, v 38, 1938, part 11 


3. H. R. Clauser, Practical Radiography for Industry, chapter 6, p 100, 


ADOPTION OF ISOTOPE RADIOGRAPHY Reinhold Publishing Corp., New York, 1952 
wr A , P ? . Radiography in Modern Industry, Geometric principles, p 9, Eastman 
rhe following factors serve to illustrate why isotope Kodak Co., Rochester 4, N.Y., 1947. 
adi ‘ , " adinactive . , q ey . Havercroft, W. E., Training in Industrial Radiography, Nondestruc- 
radiography with radioactive cobalt 60 has been tive Testing, v 13 (3), May-June, 1955, p 15 


termed a vital tool in our firm: 5. Stewart, P. J., The Preparation and Handling of Intense Radioactive 
. ‘ oo aaa - 7 _— Sources, Nondestructive Testing, v 13 (3), May-June, 1955, p 1 
—It is low in initial investment (See Table 1). 


—The isotope has a reasonably long half-life B To obtain an additional copy of this article, circle 
zs . ¢ ‘ - Reader Service Card, last page. 
—It is readily portable. 


MORE 
ABOUT 
COBALT 60 

In this same issue of MODERN CASTINGS, 
page 73, A. J. Karam, plant manager, Central 
Foundry Div., GMC, Saginaw, Mich., tells how 
his company uses cobalt 60 to check new cast- 
ing designs and to plan gating and risering 
systems. 


No. 239, 


Fig. 6B . . Maximum section that can be radio- 
graphed was determined by using this wedge. 


For further background in this important 
subject read “Radioisotopes Utilization in the 
Foundry Industry,” May issue of MODERN 
CASTINGS. Authors M. Pobereskin and D. N. 
Sunderman of Battelle Memorial Institute point 
out that American industry is saving about 500 
million dollars a year through the application 
of radioisotopes! 
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Uses Castings to 
Build Air Conditioners 


Next to the giant automotive industry, more met- 
m al castings are probably used in air conditioning, 
refrigeration and industrial compression than in any 
other manufacturing group. Carrier Corporation, a 
leading producer in all three fields, currently purchases 
approximately 17 million pounds of castings annually, 
totalling $4,500,000. A wide variety of castings rang- 
ing from a simple wedge to an intricate centrifugal 
compressor come from some 50 foundries across the 
nation. Carrier’s belief in the capabilities of castings 
makes them one of the biggest users east of the 
Mississippi. 

“Weather manufacturing,” includes heating and 
cooling, humidification and dehumidification, filtering, 
ventilation and circulation of the refined product— 
air. Portable room units, capable of performing all 
these functions in a single box and light enough to 
carry from window to window, use numerous castings 


This waiting line of castings are top halves of com- 
pressors for cooling machines. The shells have been 
faced off and drilled. Next step is to clamp them to 
lower halves for boring interiors. 





in a wide range of alloys both ferrous and nonferrous. 
The “heart” of this fractional horsepower unit and 
other air conditioning systems up to about 150 tons 
cooling capacity is usually a reciprocating compressor. 
Within its cast shell are 30 to 40 cast parts. 

For larger cooling capacities, centrifugal compres- 
sors squeeze refrigerant gas through narrow passage- 
ways by means of a series of rotors spinning at speeds 
up to 1500 ft. per sec. This type starts at about 90 
tons® capacity and goes to approximately 3500 tons. 
These complex compressors are about 90 per cent 
cast parts. 

Weights of the vast array of castings required by 
Carrier cover an impressive span. A dynamic example 
of those adding up to only a few ounces are two 
impeller wheels little larger than a silver dollar, used 
®(One ton of cooling is equivalent to the melting of a ton of ice over a 


24-hour period) 


Weighing 45 tons this cast axial compressor is the 
largest that could be transported by rail to the Texas 
butadiene plant where it will be used to pump tre- 
mendous quantities of gas. 
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80 hours are required to bore out the two halves of 
Carrier's largest centrifugal compressor. Shaft of mill 
is 29 ft long which permits one compressor to be 
machined while second is being set up on mill. 


in the compressor-turbine of the air conditioning sys- 
tem for Douglas Aircraft’s new DC-8 jet transports 
The rotors are on each end of a three-inch-long shaft 
and spin at supersonic speeds. The rotative assembly 
inside a compressor, made of cast high-strength alumi- 
num alloys, occupies one-fourth the space of the cool 
ing unit in a household refrigerator and is better than 
100 times more powerful. 

The “mighty mite” weighs about nine pounds. To- 
gether with its two cooling coils approximately the 
size of airplane luggage, the system provides enough 
cooling for seven average-size homes. 

Typical of the heaviest Carrier castings are top and 
bottom halves of compressors for Petro-Tex Chemical 
Corporation. One complete unit weighs in excess of 
70,000 Ib and occupies the space of a railroad flat- 
car. Two over-the-road trailer trucks are required to 
deliver the complex patterns used in its manufacture. 

The shape of these compressors was governed by 
the tremendous volume of gas they would move and 


Cast iron crankeases for reciprocating compressors 
seem to roll along conveyor in endless line. Machine 
shop in this view is performing final honing operation 
on cylinder prior to final assembly. 


In-process inspection of impellers for high capacity 
hermetic centrifugal cooling machines assures that they 
will be finished to specifications. Two of the rotors 
shown in foreground are used in each machine 


maximum dimensions for shipment by rail from cen 
tral New York to Houston, Texas. In operation, suf 
ficient gas is sucked through their 7-ft diam inlets 
and discharged out 5-ft diam ports, to supply the 


round-the-clock needs of a city the size of Chicago 

When centrifugal compressors are applied to petro 
leum, chemical or petrochemical plants, special proc 
ess gas streams often require that cast parts be made 
of high-alloyed metals containing nickel, chromium 
or molybdenum. 

Because of the speeds at which piston or rotating 
assemblies operate with minimum clearances, preci 
sion is of vital importance. For extremely close tol 
erance jobs, castings are produced by the investment 
process. However, virtually all other foundry methods 

cold set, carbon dioxide, permanent and semi-pet 
manent molding, dry and green sand, die casting 
cement ceramics—are used to manufacture the infinite 
number of castings needed for Carrier air conditioning 
units. 


Precision boring is required on the inside of cast con 
pressor used to cool stream of gases in production 
of high octane gasoline. Compressor is expected to 
operate 8000 hr continuously 
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de second part of the Engineered Castings Show every industry which is using metalcastings. 


story concludes MoperNn Castincs coverage of the Buyers and designers on hand for the show voiced 
many fine metalcasting exhibits displayed at the AFS substantial confidence in the ability of castings to 


63d Castings Congress in Chicago, April 13-17. solve many of the fabricating problems facing them 
Foundrymen demonstrated their ingenuity with a today. Each of the following short-stories are number- 
great variety of sizes, configurations, metals and al- ed for ease of identifying the picture to which the 


loys cast to shapes suited to the needs of practically story refers. 








{ Bendix Foundries, Bendix Aviation Corp., Teter- 

boro, N.J., attracted the attention of aircraft, 
missile and electronic engineers. Bendix specializes 
in aluminum and magnesium castings made in sand, 
shell, plaster, permold and dies. 





One of the salesmen from B-Mold Div., Buckeye 
Brass & Mfg. Co., Mansfield, Ohio, is explaining 
the merits of a precision permanent molded alumi- 
num bronze armature finger plate. Besides non-fer- 
rous permanent mold castings, company makes in- 
vestment and centrifugal castings. 





3 The only exhibiting foundry owned and operated 

by a woman was Castall Precision Products, Chi- 
cago. Owner, Miss Alma Zatloukal is pictured show- 
ing a casting suited to the needs of two Minneapolis- 
Honeywell Regulator Co. engineers — R. C. Mott and 
G. P. Eisenbacher. 
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4 M. J. Siwek, Sales Manager, Chicago Foundry 

Co., Chicago, talks high strength gray iron to 
Dale Chapman, Asst. Purchasing Agent, Signode Steel 
Strapping Co. Signode prefers to use castings where- 
ever possible in building steel strapping machinery. 


5 Investment castings are the subject of this confab 
between Owen W. Hale, Independent Steel Cast- 
ing Co., New Buffalo, Mich., and several prospects. 


6 The Nike-Hercules missile contains 74 aluminum 

and magnesium permold castings. S. J. Joyce, Pur- 
chasing Agent, Douglas Aircraft, holds a cast Nike 
air-duct purchased by Douglas from J. Stevenson of 
Hampden Brass & Aluminum Co., Springfield, Mass. 


] Looking over a blue print brought to the Show by 

C. W. Marshall, Casting Buyer, New Britian M -- 
chine Co., Forst L. Robertson (center), Sales Manager, 
Keokuk Steel Casting Co., Keokuk, Iowa, discusses 
problems of casting parts for duplicating Swiss lathes 
with Marshall and H. C. Magnuson, W. Hartford 
Pattern Works. 


8 Looking over a model of the General Electric Co. 

new steel foundry, B. A. Kunke, Jr., Purchasing 
Agent, S & C Electric Co., tells J. P. Finch, Sales 
Engineer, General Electric Co. about his needs for 
castings in high voltage switches. 
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Conference in the booth of Pax- 
ton-Mitchell Co., Omaha, Neb., 
centers around a bronze lift nut 
with threads cast to size so no 
machining is required—thanks to 
high-accuracy shell coring. 
QD. L. Redd, Sales Engineer, 
Rolle Mfg. Co., Lansdale, Fa., 
is flanked on either side by buying 
team from Chicago Aerial Indus- 
tries interested in thin walled cast- 
P ings for aerial photographic equip- 
— : - _. 17 ment. 
{| Because his company buys over 


100 tons of steel castings a 
STN OM 


month for axle housings, ripper 
“REN IDRY ad cylinder ends, | 
— Olsen, Project Engineer, Tracto- 


shanks and cylinder ends, N. G. 
“9 motive Corp., had lots of business 
a r’ 
ead 











to talk over with H. P. Tuman, 
Sales Engineer, Sivyer Steel Cast- 
ings Co., Chicago. 


Engineer, Cutler-Hammer, Inc., 


tells G. A. Zabel, V.-Pres.-Sales, 
6 and L. Villivock, Sales Rep., of 
oe Universal Foundry Co., Oshkosh, 


Wis., how his company uses 80,- 
000 Ib of nonferrous and 750,000 
lb of gray iron castings a year. 


SMEETH -HARWOOD DIVN 
BRASS & ALUMINUM FOUNDRY 


Brass’ | CASTINGS 








{2 D. J. Brozoski, Manufacturing 





13 Buying a million pounds of 

ductile iron a month for printing 
presses is a big job for Purchasing 
Agent C. K. Schenk and Casting 
Buyer W. E. Manstrom of The 
Miehle Co. In center is W. J. Mein- 
hard, Asst. to Pres., Lindgren 
Foundry Co., Batavia, IIl., showing 
them a crankshaft driving gear for 
a vertical press. 


{4 Large water-cooled copper door 

frame for reverberatory furnace 
is subject of conversation between 
H. N. White, Smeeth-Harwood 
Div., Capital Brass & Aluminum 
Foundry, Chicago, and a visitor. 


15 Discussing the 

permanent mold casting of over 
one million theatre seat frame- 
works are J. V. Meulen, American 
Seating Co. and G. W. Stahl, own- 
er, Stahl Specialty Co., Kingsville, 
Mo. Their specialty is permanent 
mold casting of aluminum. 


possibility of 







16 A part of the Swedish Crucible 

Steel Co. exhibit at the En- 
gineered Castings Show featured 
plastic coated steel castings for cor- 
rosion resistance and electrical re- 
sistance. 
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a than 95 technical papers 
were presented at the 63d AFS 
Castings Congress in Chicago dur- 
ing April. Most of these have been, 
or will be, published in full in 
MoperN Castincs. However, Mop- 
ERN Castincs has also published an 
abstract of every paper, panel or 
seminar presented to the Castings 
Congress. This article completes the 
presentation of abstracts. 

One unusual highlight of the 
technical activities of the 63d Cast- 
ings Congress that is pictured on 
these pages is the presentation of 
the first Gray Iron Division Award 
for the outstanding paper presented 
to that division of AFS. The 1959 
award was won by the paper, “Mar- 
tensitic White Irons for Abrasion 
Resistant Castings,” which was 
authored by T. E. Norman, A. 
Solomon and D. V. Doane. The 
committee which selected this pa- 
per for the award considered that 
it was, “unusually well organized 
with the information presented in 


such a manner as to be readily un- 
derstandable to the reader.” 


C. E. HOYT LECTURE 


The Control of Quality in the Brass 
Foundry by Harry M. St. John. St 
John presented the philosophy of 
foundry control and described the two 
basic aims of control programs as con 
trol to guard against the delivery of 
unsatisfactory castings to the custom 
er, and to control loss of profit due to 
the production of defective castings 
St. John stated that a 
control program will cost both time 
and money, but will yield returns out 
of all proportion to the cost 


complete 


DUCTILE IRON PAPERS 


Ductile Iron As-Cast and Annealed Ten- 
sile Properties by A. H. Rauch, J. B. Peck 
and £. M. McCullough. The authors’ 
study revealed the existence of a re 
lationship between tensile properties 
and Brinell hardness in as-cast pearli 
tic-ferritic ductile iron. However, they 
discovered, these 
strongly affected by changes in the 
composition of the iron . . Heat 


relationships are 


PART II 


Treatment of Ductile Iron by W. D. Mec- 
Millan. The author considered the heat 
treatment of ductile castings on a ton 
nage basis. His discussion covered 
three types of treatment set up to 
process the castings Carbon Flo- 
tation in Ductile Iron by A. H. Rauch, 
J. B. Peck and G. F. Thomas. Stucies by 
the authors disclosed that in hyper 
eutectic ductile iron castings, carbon 
in excess of that necessary to maintain 
a carbon equival nt of 4.55 per cent 
Is prec ipitated during — solidification 

. Ductile tron Production in Basic 
Direct-Arc Furnace by C. R. Isleib. ‘Thx 
author described how a_ basic-lined 
addition 


direct-are furnace can save 


alloy costs, reduce reladling, and re 
duce the tendency toward drossing 
Tin Effect on Structure and Prop- 
erties of Flake and Nodular Grahpite 
Cast Irons by E. C. Ellwood. The author 
described new studies on the effect of 
tin on the promotion of pe arlitic mat 
rices in two nodular irons. The tin 
effect on the mechanical properties ol 
SUC h Wons Was also pre St nted 
Ductile Iron Castings versus Carbon Steel 
Forgings and Weldments by J. L. Sal- 


baing. The author described the ad 
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vantages of ductile iron castings over 
carbon steel forgings and weldments 
in terms of metal structure, isotropy 
and directionality, strength and pro- 
duction. 


FUNDAMENTAL PAPERS 


Mass Effect on Castings Tensile Proper- 
ties by G. W. Form, P. J. Ahearn and 
J. F. Wallace. The authors’ study pro- 
duced the hypothesis that tensile 
strength is reduced by increasing 
solidification time if the ductility dur- 
ing tensile testing is insufficient to ex- 
ceed the necking strain. However, as 
long as the metal is sufficiently ductile 
to exceed this limiting value, the ten- 
sile strength is virtually unaffected by 
changing solidification times... . . 
Dimensioning of Sand Casting Risers by 
H. D. Merchant. The author presented 


a new approach for risering sand cast- 
ings whereby a general equation for 
risers is developed. Using the equa- 


tion, the size of riser or risers for a 
given casting can be easily found 

. Linear Programming Applied to 
Economic Selection of Materials for Fur- 
nace Charges by Gideon I. Gartner. The 


modern castings 


author described a technique by which 
the infinite combinations of charge 
materials may be compared to deter- 
mine which combination is the most 
economical Solidification of Gray 
Iron by Albert De Sy. The author pre- 
sented a study into the fundamental 
mechanisms involved in the transfor- 
mation of iron from the liquid to the 
solid state. He noted that once the 
mechanisms of change are known, the 
desired change can be obtained with 
minimum time and effort , 
A Fluidity Test for Aluminum Alloys; 
Tripling Fluidity with a New Mold Coat- 
ting by M. C. Flemings, H. E. Conrad and 
H. F. Taylor. The authors described a 
fluidity test using a sand mold with a 
metal screen in the runner. Also de- 
scribed was the use of hexachlore- 
thane as a mold coating. This materia] 
was found to improve fluidity 200 per- 
cent . Mechanical Properties and 
Processing Techniques for High Strength 
Steel Castings by K. D. Holmes, J. Zotos 
and P. J. Ahearn. The authors described 
a series of tests of test coupons and 
castings which disclosed that the best 
combination of strength, ductility and 


toughness was obtained in thin sec- 
tions of low sulphur and phosphorous 
steel cast from arc furnace heats... . . 
Structural Variables Influencing Mechan- 
ical Properties of High Strength Cast 
Steels; A Progress Report by M. C. Flem- 
ings, Robert Green and H. F. Taylor. 
During their study, the authors noted 
that differences in solidification con- 
ditions did not affect the macrostruc- 
ture appreciably, but changed the 
microstructure in important 
Grain Refinement of Solidifying 

Metals by Vibration by R. G. Garlick and 
J. F. Wallace. Studies conducted by the 
authors substantiated the theory that 
vibration, with its alternate high and 
low pressure waves, increases the nu- 
cleation rate of the solidifying phases 
. . Application of Theory in Under- 
standing Fluidity of Metals by J. E. 
Niesse, M. C. Flemings and H. F. Taylor. 
The authors presented a 
analysis of the fluidity of pure metals 
employing heat flow and fluid flow 
relationships. Equations were devel- 
oped to predict fluidity of pure metals 
at their melting point and to predict 
the effect of superheat on fluidity 


ways 


theoretical 





+ + «+ + Development of low Alloy Steel 
Compositions Suitable for High Strength 
Steel Castings by H. R. Larson and F. B. 

Development of Low Alloy Steel 
Herlihy. The authors described an in- 
vestigation whose ultimate goal is to 
produce high integrity castings for 
airframe structural components... . . 
Comparison of X-Ray Quality and Ten- 
sile Properties in Cast High Strength 
Steel by H. R. Larson, H. W. Lloyd and 
F. B. Herlihy. The authors described a 
study of properties in simple shapes in 
which unsoundness is present in vary- 
ing degrees. 


GRAY IRON PAPERS 


Molybdenum Effect on Gray Iron Elevated 
Temperature Properties by G. K. Turnbull 
and J. F. Wallace. The authors pre- 
sented a study of the effect of up to 
2.0 per cent molybdenum on the short- 
time tensile and stress-rupture prop- 
erties of a 3.8 per cent carbon equiv- 
alent gray iron by various additions of 
that alloy to two base irons... . . 
Mold Material Effect on Cooling Rate and 
Physical Properties of Cast Metals by 
Sub-Committee 1.S.46, Technical Council, 
Institute of British Foundrymen. The 
committee’s report detailed a study of 
the effect on the physical properties 
of various cast irons when cast into 
molds made in typical molding sands 
at various ramming densities, and also 
the effect when using other types of 
molding materials of varying thermal 
properties . . Factors Influencing 
Soundness of Gray Iron Castings by /. C. 
H. Hughes, K. E. L. Nicholas, A. G. Fuller 
and T. J. Szajda. These British authors 
reported on a study which disclosed 
that increasing the degree of nuclea- 
tion of the graphite eutectic leads to 
unsoundness. They noted that this is 
a common foundry variable which can 
be measured, and is amenable to some 
control . . . . Ductility and Strength 
of High-Carbon Gray Irons by E. M. Stein 
and H. O. Meintire. The authors evalu- 
ated the composition, microstructure 
and inoculation effects on ductility and 
strength of high-carbon cast irons. 
Irons melted by cupola, induction and 


blast furnace were included in the 
study Gray Cast Iron Machina- 
bility by W. W. Moore and J. O. Lord. 
The authors studied common types of 
unalloyed cupola-melted gray iron to 
determine how changes in some of the 
major constituents of their microstruc- 
tures affected machinability . 
Martinsitic White Irons for Abrasion-Re- 
sistant Castings by T. E. Norman, A. Sol- 
omon and D. V. Doane. The authors 
described studies into the important 
variables influencing structure, wear 
resistance, mechanical properties and 
resultant service life of martensitic 
white iron castings . . Radioiso- 
topes Utilization in the Foundry Industry 
by M. Poberskin and D. N. Sunderman. 
The authors reported that the wide 
spread uses of radioisotopes in the 
metals industry do not require new 
techniques, but only the application 
of already developed techniques to 
new problems Copper in Cast 
lron by Albert de Sy. The author re- 
ported that copper additions improve 
machinability and wear resistance and 
are relatively inexpensive 

tinuous Carbon Injection by J. E. Wilson 
and R. C. Shnay. The authors decribed 
a development program which led to 
satisfactory equipment, procedures 
and controls for continuous carbon in- 
jection on a commercial, production 
basis. . . . . . Significance of Reported 
Chemical Analysis of Cast Iron by D. E. 
Krause. The author discussed the im- 
portance of recognizing the fact that 
different laboratories will report vary- 
ing analyses of identical iron samples 
He noted that these differences are 
important when evaluating the rela- 
tion of chemical composition of cast 
iron to its mechanical and _ physical 
properties... . . Foundries Can Pro- 
duce Their Own Cast Iron Directly from 
Ore by H. W. Lownie, Jr. and A. J. Stone. 
The authors reported that foundries 
might increase their profits by using 
some recently developed direct-reduc 
tion processes for producing iron 
Some of these processes are suitable 
for integration into a foundry to re 
place cupolas . . Gray Iron Shop 


Course: How to Melt Several irons in 
One Heat. Panel member K. G. Presser 
emphasized that when melting several 
irons, the foundryman must make the 
best advantage of every control tool 
at his command. Panel member M. D 
Neptune described various foundry 
controls found to help in the produc 
tion of several irons in a single heat 

Gray Iron Shop Course: Correc- 
tion of Cupola Irregularities by W. W. 
Levi, M. H. Horton and D. £. Krause. 
Three of the top cupola experts in the 
country explained the irregularities in 
operation that led to the iron being 
either too hot, too cold, too hard or 
too soft. The three-man panel then an 
swered a variety of questions posed 
by the large gathering of foundrymen 
present Ductile and Gray tron 
Round Table Luncheon: What Does the 
Casting Designer and Buyer Expect of 
the Foundryman by Tf. O. Kuivinen. The 
speaker exhorted foundrymen to re 
duce the factor of ignorance on the 
capabilities of castings and thereby re 
duce the unreasonable factor of safety 
Added highlight 
of the luncheon was presentation of 
the Gray Iron Division Award to T 
E. Norman, D. V. Doane and A. Solo 
mon for their paper Martensitic White 
Irons for Abrasion Resistant Castings 


HEAT TRANSFER PAPERS 


Modern Quenching Oils and Techniques 
for Foundry Heat Treating by N. F. 
Squire. The author discussed the in 


loaded onto castings 


creasing importance of the quenching 


phase of heat-treating steels and the 
variables that effect the results. Case 
histories showing results of using an 
additive-type quen hing oil medium 
Solidification 


were presented 
Times of Simple-Shaped Castings in Sand 
Molds by J. T. Berry, V. Kondic and G. 
Martin. The authors described experi 
ments made to check the assumptions 
made in applying the basic mathema 
tical treatment of the rate of solidifi 


cation to sand cast shape s 


SAND PAPERS 


Sand Movement and Compaction in 
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Green Sand Molding by T. J. Bosworth, R. W. Heine, J. J. 
Parker, E. H. King and J. S. Schumacher. The authors pre- 
sented a description of the principles controlling sand 
movement during squeezing, jolting and contour squeez- 
ing. The compaction process, and development of mech- 
anical properties with increasing density, was also de- 
scribed Tempering Molding Sand by H. W. Dietert, 
V. Rowell and A. L. Graham. Test procedures for actual and 
compensated moisture tests were described by the authors. 
The actual moisture test was recommended whenever the 
actual total percentage of base water and water of evapo- 
ration is required. The compensated moisture test was 
recommended for determining the sand moisture content 
without including the evaporation water Experi- 
mental Determination of Specific Surface and Grain Shape of 
Foundry Sands by Franz Hofmann. The author described a 
method, referred to as the permeability method, of de- 
termining the actual specific surface of sand 
Tensile and Shear Strengths of Molding Sands by R. W. Heine, 
E. H. King and J. S. Schumacher. The authors detailed the 
principles relating to tensile and shear properties, their 
relation to other green sand properties and their connec- 
tion with molding problems Timing of Expansion 
Scab Formation by J. E. Haller. The author described a 
study of mold surface penetration designed to find when 
expansion scabs occurred. The tests showed that one type 
of scabs and/or buckles occurred because of sand expan- 
sions, and occurred while the metal was still in a liquid 
Introduction of a Tentative Hot Shell Deforma- 
tion Test by R. J. Cowles. This paper, a report of the Shell 
Mold and Core Committee (8-N), presented the principles 
of a tentative hot shell deformation test as well as repre- 
sentative data which would be expected for acceptable 
operations New Foundry Resins and Application 
Techniques for Shell Molds and Shell Cores by William C. 
Capehart. The author presented a discussion of the opera- 
tional problems, corrective measures and control measures 
encountered in the use of shell molds and cores 
How to Avoid Sand Segregations a joint report of Committee 
8-F, AFS Sand Division and the Grading and Fineness Com- 
mittee, National Industrial Sand Association. This report 
presented recommendations for controlling segregation 
during loading and unloading operations . . . . . Crust 
Separation Test for Investigating Sand Expansion Defects by 
P. W. Goad. The author described development of a new 
technique for studying expansion defects. This officially 
sponsored exchange paper from the Institute of British 
Foundrymen, Australian Branch (Victoria) points to mois- 
ture content of sand as a vital factor in determining the 
nature of expansion defects and susceptibility of the sand 
mix to this defect Stickiness in Core Sand Mixtures. 
The final progress report of AFS Sand Division Committee 
8-K noted that no test suitable to become a_ standard 
has been developed, but that procedures satisfactory for 
correlating production results have been evolved 
Effects of Ramming, Superheat and Alloy Penetration by 
George Vingas. The report of AFS Sand Division Commit- 
tee 8-H as presented by the author consisted of a sta- 
tistically controlled, quantitative evaluation of the effects 
of absolute temperature, relative temperature and void 
size... . . Critical Sodium Silicate-Sand Formulations for 
Optimum CO» Molding by R. J. Cowles. The author reported 
the problem of poor collapsibility in CO2-bonded sands 
can be overcome by controlling the amount of sodium 
silicate used in the sand mix. A simple laboratory test 
Panel member F. P. Tlenda described methods of curing 
molds with COz and types of castings suitable for ap- 
plication to the process. C. W. Sundberg, second COs 
can be used to establish the optimum amount of sodium 
silicate Sand Shop Course: Air-set and CO» Binders. 
Continued on page 136 
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1959 
CASTINGS CONGRESS 
_ PAPERS 


@ The technical articles appearing, in 
this preview section of MoperN Cast- 
ings are the official 1959 AFS Castings 
Congress papers—the most authorita- 
tive technical information available 
to the metalcasting industry. 

Nearly 100 technical papers pre- 
sented at the 63d Castings Congress 
of the American Foundrymen’s Soci- 
ety will be printed here prior to 
publication of the complete 1959 AFS 
TRANSACTIONS. 


® Written discussion of these papers 
is welcomed and will be included in 
the 1959 Transactions if submitted 
by September 1. Discussions should 
be addressed to the Technical De- 
partment, American Foundrymen’s 
Society, Golf and Wolf Roads, Des 
Plaines, Ill. 


®" The complete case-bound volume 
of 1959 AFS Transactions, including 
all papers and all discussion, will be 
published December 1. Orders for 
this volume should be addressed to 
the Technical Department. 





COPPER IN CAST IRON 


By Albert de Sy 


ABSTRACT 


Copper is a graphitizer at the stage of solidification 
as well as an anti-ferritizer through transformation 
range cooling. Because of this, copper additions to gray 
cast iron prevent thin section chilling and formation of 
free ferrite in heavy sections. A uniform structure is 
thus imparted to gray iron by the copper additions 
which has neither hard nor soft spots, and has good 
overall strength and hardness properties. 

Thus, copper additions offer a distinct advantage in 
relation to machinability and wear resistance which are 
important for the many applications and engineering 
properties of gray iron castings. Also, compared to other 
alloying elements, copper is relatively inexpensive. 


I. THEORETICAL CONSIDERATIONS 


It may be said that the art of using basic or general 
scientific knowledge is to analyze complicated matter 
systematically, and to look at it carefully in the sim- 
plest possible way. This should undoubtedly apply to 
gray cast iron, which is a complicated alloy, mainly 
because of the superposition of two crystallization sys- 
tems and owing to the allotropic transformation of 
iron, 

Moreover, any element added to the basic ternary 
alloy Fe-C-Si affects the relative importance of the two 
crystallization systems and influences the transforma- 
tions on cooling. Therefore, any element, even when 
present only as a trace, affects the final structure 
and, consequently, the physical properties of the alloy. 
The physical properties are determined by the struc- 
ture, and thus it is important to analyze the structure 
and structure modifications resulting from the addi- 
tion of an alloying element such as copper, which is 
to be considered here in particular. 

In studying the structure of a multiphase alloy it is 
desirable to proceed in two parallel but slightly differ- 
ent ways, viz., by considering the different constitu- 
ents on the one hand and the different phases on the 
other hand. Apart from inclusions, and even apart 
from iron phosphide and free cementite which will 
not be considered here, gray cast iron is an aggregate 
of the constituents pearlite, free ferrite and graphite; 
or of the phases ferrite, cementite and graphite. 

The physical properties of any multiphase alloy, 
and of gray cast iron in particular, depend on the 


A. DESY is Prof., Head of Met. Dept., University of Ghent, 
Belgium. 
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principal considerations 


physical properties of the different phases present, 
their amount, the form and size of the particles of 
each phase and on the distribution of the different 
particles and their association in the so-called con 
stituents, 

Thus, it is evident that the study of the effect of 
copper, or of any other element on the properties of 
gray cast iron, requires a careful examination of the 
effect of that element on the above mentioned factors 
of influence. In reviewing the various copper effects 
on gray cast iron, it is desirable to distinguish be 
tween its direct effect (effect on the properties of the 
individual phases) and its indirect effects (those con 
cerning the other factors of influence) 


Copper Direct Effect 

Copper has practically no direct effect on the prop 
erties of the graphite phase in which it is insoluble, 
and may only be present in graphite as a few en 
trapped atoms. Moreover, the physical properties of 
graphite compared with those of the metallic matrix 
are negligible. This also applies to its effect on the 
physical properties of cementite. Copper is not a cat 
bide-forming element, and its partition coefficient is 
such that only a few copper atoms can be dissolved in 
cementite whose physical properties thus remain 
practically unaffected. 

The physical properties of the ferrite phase, by fat 
the largest in amount, on the contrary are affected 
greatly by copper additions. Ferrite is hardened by the 
normal solution hardening in any case, and even 
tually, in a second step by structural hardening 

Figure | gives indications of the solution harden 
ing effect of copper, according to A. Kussman and B 
Scharnow,! compared with that of several other com 
mon elements, according to E. C. Bain.? Thus, it ap 
pears that copper has a strong hardening effect. Fig 
ure | as such does not apply for the ferrite phase of 
cast iron, because the effect of the various elements is 
not simply additive. Moreover, although elements 
such as Cu, Si and Ni are entirely dissolved in ferrite 
this is not so for the carbide forming elements Mn, 
Mo, V and Cr, which dissolve partly in ferrite and 
partly in cementite. 

Phe direct effect of copper on gray cast iron thus 
is limited to its hardening effect on the ferrite phase 
On this basis alone, it can be expected that copper ad 
ditions to gray cast iron will increase both hardness 
and strength characteristics 
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Fig. 1 Brinell hardness of a Fe and solid solution 
hardening effect of various elements. 


Copper Indirect Effects 

When considering the indirect effects of copper we 
have to deal with all other factors of influence, viz., 
the influence of copper on the amount of the differ- 
ent phases, its influence on the form, size and distri- 
bution of the different phase particles and its influ- 
ence on the association of phase particles in constitu- 
ents. All these influence factors have to be studied in 
close correlation to the formation and transformation 
of the different phases. Consequently, it is necessary to 
review these copper effects in intimate correlation to 
the mechanism of solidification and of transformation 
in the solid state. 


At the Solidification Stage: Copper Is a Mild Graphi- 
tizer. This effect is well known. According to technical 
literature, the graphitizing effect of copper is esti- 
mated between 4% and Yy that of silicon. According to 
the author's experience, it should be rather close to 
ly, that of silicon. Consequently, copper is a milder 
graphitizer than nickel whose graphitizing ratio is /4- 
4 that of silicon. 

The graphitizing effect of Si, Ni, Cu... . is believed 
to be in relation to atom prearrangements in the melt 
just above and at the solidification temperature. As 


0%; Re = 55-57. 
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these elements have no tendency to form carbides, 
they increase the carbon activity of the melt through a 
dilution effect. Moreover, Si because of its affinity 
for Fe has a tendency to form Fe-Si prearrangements 
in the melt. Thus, C atoms tied up by Fe atoms are 
liberated and the carbon activity of the melt is once 
more increased. 

However, apart from its graphitizing effect, copper 
also has a structural refining effect. Figures 2 and 3 
show the influence of copper on the structure of the 
chilled zone in rollers and wheels according to P. Van 
Bleyenberghe and R. Coussement.* This effect is of 
course beneficial, since hardness is lightly increased 
and brittleness is considerably decreased. 


Copper Refining Effect 

The copper refining effect on graphite is less ap 
parent because of the difficulty in estimating it in the 
case of flake graphite. However, it is distinctly ap 
parent in the case of spheroidal graphite. The refin 
ing effect of copper on cementite (and ledeburite) 
and graphite is an indirect result of an adverse in 
fluence of copper on the carbon diffusion rate, and 
consequently a decreased growth rate of carbon 
(graphite) or carbon-rich (cementite) crystals. Smaller 
individual crystals necessarily mean a larger number. 

It is not known, at least to the author’s knowledge, 
whether copper has a direct influence on graphite nu 
cleation or (very unlikely) on cementite nucleation. 
Transformation in the Solid State: Copper is a Power 
ful Anti-ferritizer, and Consequently an Equally Pow 
erful Anti-graphitizer, On the cooling of gray cast iron 
from solidification to room temperature free ferrite 
formation may occur in two different ways: 


1) Direct ferritizaton according to the reaction 
austenite }—> ferrite + graphite 
or precipitation of ferrite from austenite and also 
precipitation of the corresponding stoichiometric 
carbon which crystallizes on the already existing 
graphite crystals. 
Indirect ferritization according to the reaction 
austenite }—> pearlite +—> ferrite 
+. graphite 
or ferritization and graphitization as a result of 
pearlite decomposition. 


The influence of copper on the first stage reaction 


Re ae 

* 4 NU 
Fig. 3— Cu 1.5%; Rc = 60-65. 
Figs. 2 and 3-—— Copper effect on structure of chilled cast iron. 50 X. 








(direct ferritization) has been carefully studied by A. 
de Sy, J. Vidts and J. Van Eeghem,* and by A. de Sy 
and J. Foulon.5 

Figures 4 through 7 show some suggestive results of 
these investigations. They present a good idea of the 
anti-ferritizing power of copper as compared with 
nickel and with tin. Figure 4 shows the structure of a 
spheroidal graphite iron as-cast in 34-in. diameter sec- 
tion. It is a high carbon, low manganese and, for thai 
type, a rather low silicon iron. However, the matrix 
is at least 70 per cent ferritic. 

The large ferritic bulls-eyes undoubtedly result from 
the direct ferrization-graphitization reaction. In order 
to comparatively study the anti-ferritizing power of 
Ni, Cu and Sn, various amounts of these elements 
were added to identical melts prior to the magnesium 
treatment which was done with a magnesium-ferro- 
silicon alloy. 

Nickel additions of 1.6 per cent, 3.2 per cent, 4.8 
per cent and 6.4 per cent were successively made, 
and none of these additions succeeded in eliminating 
the ferrite bulls-eyes. Figure 5 shows the result ob- 
tained with a 1.6 per cent Ni addition. The result 
obtained with the 4.8 per cent Ni addition was equiv 
alent to the 0.2 per cent Cu addition. The 6.4 per 
cent Ni addition resulted in a more or less acicular 
matrix structure, but still did not completely elim 
inate the ferritic bulls-eyes. 


0.27%; Si 


2.02%; 


Fig. 6 — Same as Fig. 4, with addition of 0.8% Cu. 
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Thus, it appears that nickel acts as a mild anti 
ferritizer. Copper, on the contrary, is a more power 
ful anti-ferritizer. Copper additions of 0.2 per cent, 
0.8 per cent, 1.6 per cent and 3.2 per cent were 
made and, as shown Fig. 6, the 0.8 per cent copper 
addition was sufficient to eliminate the bulls-eyes and 
give a fully pearlitic matrix. Thus, it appears that 
copper is a powerlul anti-ferritizer 

As is well known, high copper contents have an ad 
verse influence on spheroidal graphite formation, It 
is worth while stating that the 3.2 per cent copper 


addition completely destroyed the graphite spheru 


lites. 

In the same series of experiments the fully pearlitic 
matrix was obtained with a 0.06 per cent Sn addi 
tion, resulting in a 0.03 per cent residual tin content 
This powertul anti-ferritizing tin effect has been re 
cently confirmed by J. A. Davis, D. E. Krause and 
H. W. Lownie.® 

Of course, the anti-ferritizing effect of copper, Un 
and other elements is not limited to spheroidal graph 
ite iron. A. de Sy and J. Foulon® have shown that 
it also applies to flake graphite iron, as contirmed re 
cently by J]. A. Davis, D. E. Krause and H. W 
Lownie.“ There is only a quantitative difference 
Flake graphite irons necessitate larger amounts of 
anti-ferritizing additions because of the much larger 
graphite-austenite interlace surtace 


Fig. 5 Same as Fig. 4, with addition of 1.6% Ni 


Fig. 7 Same as Fig. 4, with addition of 0.03% Sn 


Figs. 4, 5, 6, and 7 — Anti-ferritizing power of copper as compared with nickel and tin in a spheroidal graphite iron. 200 
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Figs. 8a (left) and 8b (right) — Fe-C-Si system, 2% 
Si (8a) and 3% C (8b) sections, according to Hane- 
mann and Schrader.’ 


The author does not claim to have discovered the 
anti-ferritizing effect of copper, only, perhaps, the 
term. This effect of copper has long been known, but 
it is stated in the wrong way and generally misun- 
derstood, Indeed, in many technical papers it is said 
that copper is a pearlite stabilizer, and that is funda- 
mentally wrong. However, it is correct to say that cop- 
per is a pearlite formation promotor, as may be 
easily understood from the study of the mechanism of 
austenite transformation on cooling. 

Figures 8a and 8b represent, respectively, the 3 per 
cent C and the 2 per cent Si sections of the Fe-C-Si 
system, according to H. Hanemann and A. Schrader.7 
From Fig. 8a it appears that the direct transformation 
of austenite to ferrite and graphite may proceed in 
the temperature range comprised between the F 
curves (from F, to F, at 2 per cent Si). If an iron 
sample is held in this temperature range, transforma- 
tion will proceed until equilibrium, provided the 
holding time is sufficiently long. 

The mechanism of this direct transformation is 
illustrated by Figs. 9a, 9b and 9c, in which graphite 
is supposed of the spheroidal type for schematic rep- 
resentation facilities only, The reaction invariably 
starts at the existing graphite-austenite interfaces 
(Fig. 9a). This results in graphite deposition on the 
already existing graphite crystals, and in the forma- 
tion of ferrite layers tending to separate the graphite 
crystals from the austenite. 

Figure 9b represents a stage where the graphite 
crystal is already completely surrounded by a ferrite 
layer. From this stage on any further progress of the 
reaction not only implies ferrite precipitation at the 
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austenite-ferrite interface, but also carbon diffusion 
from austenite through the ferrite layer to the graph- 
ite crystal. 

The transformation of, say 100 g austenite contain- 
ing | per cent carbon, results in the formation of ap- 
proximately 99 g of ferrite and | g of graphite. Direct 
ferritization and corresponding graphitization are 
stoichiometrically bound. The former is impossible 
without the latter. The mechanism of this reaction 
being now clearly understood, it is worth while ex- 
amining how the presence of copper is able to retard 
this reaction. 

As is well known, copper is an austenite stabilizer. 
Therefore, as the ferritizing reaction proceeds fur- 
ther, copper must concentrate in austenite as, for an 
analogous reason, silicon concentrates in ferrite. 
Thus, increasing copper concentration in austenite 
corresponds to increased austenite stability, and con- 
sequently to a lower reaction rate. 

However, the retarding effect based only on aus- 
tenite stabilization is probably unimportant, since 
nickel has an equal or even higher austenite stabiliz- 
ing effect but does not substantially retard direct fer- 
ritization. 


Diffusion Barrier 

Therefore, it is believed that copper, contrary to 
nickel, diffuses slowly in austenite, thus accumulating 
in austenite at the austenite-ferrite interface, to create 
a diffusion barrier. This theory which may probably 
be checked in the near future by x-ray diffraction or 
x-ray fluorescence gives, at least, a plausible explana- 
tion of the anti-ferritizing influence of copper, and 
perhaps also of tin and some other elements. 

If, as is conclusively proved by the investigations 
of A. de Sy and J. Foulon® and of A. de Sy, J. Vidts 
and J. Van Eeghem,* copper retards or prevents direct 
ferrite formation during the cooling of gray cast iron, 
it thus indirectly promotes pearlite formation in the 
temperature range between the P curves (from P, to 
P,, Fig. 8a). 

Indeed if austenite does not transform according to 
the stable equilibrium system, it must necessarily 
transform according to the metastable equilibrium 
system in a slightly lower temperature range. 

Thus, copper is a strong pearlite promoter, which 
is quite different from saying that copper is a pearlite 
stabilizer. 

In concluding the study of the copper-graphite 


Figs. 9a (left), 9b (center) and 9c (right) 
— Schematic illustration of the mechanism 
of direct transformation of austenite to 
ferrite and graphite. 
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correlation in gray cast iron it may undoubtedly be 
stated that: 


1) Copper is a mild graphitizer at the solidification 
stage. 

2) Copper is a_ powerful anti-graphitizer (which 
means the same as anti-ferritizer) on cooling 
through the allotropic transformation range. 
Copper slightly refines the graphite. 


To review completely the copper effect on struc- 
ture, and consequently on the properties of gray cast 
iron, it is also necessary to examine its influence on 
the structure of the constituent pearlite. 

As already stated, copper is an austenite stabilizer, 
from which it automatically follows that the pearlite 
formation temperature is lowered and the pearlite 
structure must be finer. That already formed pearlite 
is stabilized by the presence of copper appears un- 
likely, but accurate data on this point are not yet 
available. In reviewing, on the basis of the theoretical 
considerations given above, the overall effect of cop- 
per on gray cast iron, it may be stated that: 


1) Copper, being a mild graphitizer, at the solidifi- 
cation stage, tends to decompose or to prevent the 
formation of ledeburitic carbides. 

2) Copper, because of its anti-ferritizing influence 
during cooling through the transformation tem- 
perature range, promotes pearlite formation and, 
because of its austenite stabilizing influence, re- 
fines the pearlite. 


3) Copper is a powerful hardener of the ferrite 
phase, which is the main phase representing over 
80 per cent in weight. 


These structural effects must necessarily correspond 
to an overall increase in hardness and strength of the 
alloy without creating hard spots, and without a ma- 
terial reduction in machinability. Moreover, it may 
also be anticipated that copper additions will result 
in an important decrease in the so adverse section 
sensitivity of gray cast iron. To what extent these 
various structural effects may improve the physical 
properties must be determined experimentally. 


il. EXPERIMENTAL RESULTS 


In earlier literature dealing with the influence of 
copper additions on the physical properties of gray 
cast iron some contradictory results are reported, and 
even contradictory conclusions are drawn. However, 
this is not surprising as many investigators have tried 
to study the influence of copper by comparing irons 
of different origin and even different analysis, or even 
different casting sections. 

A good and almost complete review on the effects 
of copper on the properties of gray cast iron appears 
in the publication Copper as an alloying Element in 
Steel and Cast Iron by C. H. Lorig and R. R. 
Adams.® The experimental results reported by these 
investigators are those from almost identical irons, 
except for the copper content. Such results are readily 
comparable and, if experimental conditions were kept 
constant, as is practically certain in the cases referred 
to, they may be considered reliable. 
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The results reported by C. H. Lorig and R. R 
Adams show that copper increases tensile strength, 
transverse strength and Brinell hardness, but lowers 
deflection. The beneficial effect of copper additions 
on strength and hardness properties is proved up to 
copper contents of 3-3.5 per cent, which corresponds 
to the “practical solubility” of copper in gray cast 
iron. 

More recently these conclusions of C. H. Lorig and 
R. R. Adams have been confirmed by A. de Sy and 
J. Foulon,® who studied the influence of copper on 
the basis of 140 experimental melts carefully con 
trolled under laboratory conditions. Phosphorus and 
sulfur were kept constant while copper, carbon and 
silicon varied between the extreme limits 


Cu : 0 to 48% 
Cc: 276 5.95% 
Si : 1.48 to 2.04% 


Manganese was kept at 0.50 per cent in one series 
and at 0.90 per cent in the other series 

The numerous values of the tensile strength deter 
minations have been used in a broad statistical study 
the results of which appear in Fig. 10. 

Thus, it clearly appears that tensile strength in 
creases with copper content up to approximately 3 
per cent. The same conclusion applies for transverse 
strength and Brinell hardness. 


Experimental Verification of Quantitative 
Influence of Copper on Gray Cast Iron 
Physical Properties 

In recent experiments at the author's laboratory, 
the quantitative influence of copper additions to gray 
cast iron has been checked once more, and this time 
with the maximum possible accuracy 

In order to study the specific influence of copper, 
identical charges, except of course for Cu content and 
corresponding balanced Si content, of accurately con 
stant raw materials were melted in a high frequency 
induction furnace according to a normal and con 
stant melting procedure, and cast at constant temper 
ature in 114-in. and 54-in. diameter test bars 

Tensile strength and Brinell hardness values were 
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Fig. 10 — Tensile strength vs. copper content for dif 
ferent amounts of carbon. Test bar ¥%,-in. diameter, 
as-cast. Si — 1.8 to 2.0%; Mn 0.50%; P < 0.10% 
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TABLE 1 — RESULTS OF TENSILE STRENGTH AND BRINELL HARDNESS TESTS 





Composition, “ 





Si Cu Ni S P 


Brinell Hardness Tensile Chill 20 mm 





114-in %,-in. strength, depth, Impact, 


dia. dia. 1000 psi mm kgm, 





1 B6 0.065 0.10 


0.065 0.10 


0.90 0.10 


0.10 


0.065 0.10 


0.065 0.10 


av. 206 ‘ av. 43. av. 


187 246 39.0 13 » 
18] $9.0 2.6 
187 


av. 185 av. 23 av. 39.0 av. 2.55 


7 


200 
198 
195 
198 


39.9 2.7 
12.4 2.3 

2.3 
41.2 av. 2.43 
205 25! 12.3 2.4 
198 12.2 2.2 
210 24 
. 204 av. 1. 42.3 av. 2.33 
224 ! 2.2 
219 5. 2.0 
214 2.0 
219 av. av. . 2.07 
229 2 2.0 
227 2.2 
231 2.0 
1, 229 av. av. av. 2.07 


ron? 


no 


207 4 
204 3 
207 22 


> 
30 





determined according to the recommendations of the 
ISO/TC 25 Committee. Chill depth was measured on 
the Le Thomas test piece, and impact strength was 
determined by the Charpy method on a 20-mm diam- 
eter unnotched test piece with 100-mm distance be- 
tween supports, 

The results of this investigation are shown in 
Table 1. 

From the description of the experimental proce- 
dure, and from the results of the chemical analysis of 
the different melts, it appears that the experimental 
accuracy is largely sufficient to permit drawing valu- 
able conclusions as to the quantitative influence of 
copper additions on the physical properties of gray 
cast iron, 

For this medium carbon iron cast in 114-in. diam- 
eter cylindrical bars, Brinell hardness increases by 20 
units from 0 to 1 per cent, and by another 20 units 
from | to 3 per cent Cu. Likewise, the tensile strength 
shows an average increase of more than 2000 psi 
per cent Cu, the increase also being greatest for the 
first per cent copper addition. It is further worth 
while stating that the hardness and strength values in- 
crease even more rapidly for higher carbon contents, 
although these results are not reported in this paper. 
The impact strength decreases moderately with in- 
creasing copper contents as previously reported by 
\. de Sy and J. Foulon.1° 

In conclusion, the experimental results shown in 
Fable | agree with those reported by C. H. Lorig and 
R. R. Adams,* and also with those of the author's 
previous experimental research work. 

Because copper is a powertul ferrite hardener, and 
also a powertul anti-ferritizer as explained in the the- 
oretical part of this paper, it may logically be ex- 
pected that copper additions will also substantially in 
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crease hardness and strength properties in heavy 
sections. 


Beneficial Effect of Copper in 
Heavy Section Castings 

The increase in hardness, as well as the increase in 
uniformity of hardness distribution, has been re- 
ported by R. H. McCarroll and J. L. McCloud® on 
iron of constant Si content and variable Cu content 
cast in pyramid-shaped castings. One should, how- 
ever, compare irons of different Cu contents but with 
constant carbon equivalent. This has been done at 
the author's laboratory by keeping total carbon con- 
stant and varying the Si content in order to balance 
it against the Cu contents. The carbon content chosen 
was 3.20 + 0.03 per cent, and all melts with a carbon 
content out of this range (C analyzed on a chilled 
sample) were eliminated. 

The carbon contents, together with the results of a 
complete analysis (except P which is: 0.05-0.07 per 
cent), are shown in Table 2. Extreme carbon limits 
are thus 3.19 and 3.23 per cent. 

Meltings were done in a high frequency induction 
furnace under constant metallurgical conditions with 
the same raw materials, and the pouring temperature 
was also kept constant at 2460 F. Two test bars 114- 
in. diameter, and one cylindrical bar of 7 in. x 12 in. 
were cast from each melt. 

The mechanical properties were determined as rec- 
ommended by the ISO/TC 25 Committee, employing 
the diabolo-shaped, or type A tensile test piece, ma- 
chined from the 114-in. diameter test bars and from 
test bars extracted from the 7 in. cylindrical bar, as 
shown in Fig. 11. The complete results of the me- 
chanical tests are shown in Table 2, in which all 
Brinell hardness figures are the averages of 4 deter- 
minations. 





TABLE 2— CARBON CONTENT AND COMPOSITION ANALYSES FOR TEST BARS 





Composition, °% 


Fensile strength, 1000 psi 





Mo S 


o 


Zz 
_ 
” 
~ 


Si Mn Cu Ni Cr 


7 in. dia. Bar 1i4-in. dia. Bar 


Is 


Brinell Hardness, Hy 1000 


c m o m r m o psi Hy 





28.3 
31.0 
33.0 
32.8 
37.3 
36.9 
10.4 
29.4 


32.7 


0.065 
0.064 
0.067 
0.065 
0.063 
0.064 


¥ 
S 


n 
h 


1.66 
1.49 
1.39 
1.28 0.82 
1.24 O81 
27 0.82 
1.32 0.83 


119 O82 O 
119 082 0O 


17 083 0 
1.16 0.86 0O 


082 0 0 0 
0.78 0.94 0 0 
0.82 148 O 0 


NS — 
— 
= 


= 


) 


2.02 0 0 
2.03 0 0.23 0 
2.02 0 0 0.24 


n 


rh 


2.04 0 0.25 0.24 0.064 
193 0 0 0.065 
193 0.24 0O 0.064 


195 0 
1.96 0.23 


iS ig 
5 


$2.5 
39.7 


0.23 
0.23 


0.063 
0.067 


8 GO G8 SS GO GO OS Ge GO Ge tO 
ho - 
= 


nN 
a) 


ho 


25 
9 


23.9 
26.0 
28.3 
28.1 
32.7 
30.6 
34.2 
7 
8.4 
26.7 


34.0 


10.7 198 
12.3 211 


16.9 225 


167 
168 
186 


163 
167 
Is] 


156 
171 


178 


165 
167 
10 


29.6 
33.0 
33.5 
$3.7 
36.9 
38.0 


227 24.4 
244 25.9 
27.3 28.6 
1405 
16.5 
74 


OOF 
994 


232 


179 
195 
183 


Ik6 
194 
19] 


178 
196 
182 


178 
194 


1R2 


28.3 
31.8 
31.3 


26.9 
29.6 
27.4 
31.0 34.0 
24.4 ¢ 


26.6 


OT 253 
213 


994 


197 
167 
174 
164 
183 


199 
166 
176 


195 
165 


172 


208 
174 
180 


38.7 
5.7 29.4 


) 
7.3 32.8 


12.8 
16.5 
241 
253 


176 
195 


16.2 
4.0 


168 
188 


169 
187 


$2.3 
39.5 


26.3 
31.7 


26.2 


33.7 





In comparing the results from melts | to 4, it ap- 
pears that tensile strength and hardness increase reg- 
ularly with increasing copper content. Considering 
the properties in the 114-in. diameter test bar, Brinell 
hardness increases by 30 points, and tensile strength 
approximately 4500 psi in passing from 0 to 2 per 
cent Cu, all other possible influencing factors being 
kept constant. These results confirm those of the first 
experiments shown in Table 1. 

More interesting are the results obtained in the 
heavy section castings. Here again, when Cu_ passes 
from 0 to 2 per cent Brinell hardness is increased by 
20 points and tensile strength by approximately 4500 
psi. Moreover, the hardness is uniform over the sec 
tion, with only a few points variation (lower) in the 
central part. 


Hardness vs. Casting Section 

A good general survey of the influence of copper 
on hardness increase, and uniform hardness in thick 
sections, is given in Fig. 12. Figure 12 shows hardness 
values of melts | to 7 plotted against casting section. 
The same figure also shows the influence of supple- 
mentary additions of either 0.25 per cent Cr or 0.25 
per cent Mo, or both (Cr and Mo additions are with- 
out correction of the carbon equivalent, melts 5, 6, 7 
and 9, 10, 11). 

A remarkable composition is that of melt 5. The 
hardness in the heavy section is almost perfectly uni 
form and high, nearly 200 Brinell. The alloy addition 
of 2 per cent Cu combined with 0.25 per cent C1 
is believed beneficial for uniform high mechanical 
properties combined with good machinability, be 
cause of the absence of hard spots if chromium is 
limited to 0.3 per cent maximum. To the author's 
knowledge this alloy addition is applied successfully 
for diesel-engine cylinder liners. 

Melts 8, 9, 10 and 11 almost exactly duplicate 
melts 4, 5, 6 and 7, but with nickel instead of cop 
per, the carbon equivalent being maintained constant 
by lowering the silicon contents. 

Table 2 and Fig. 13 show the comparative results 
of copper and nickel additions. Copper gives dis 
tinctly better results than nickel, especially in heavy 
section castings where hardness is not only high but 
also uniform. 

The comparative results of the strength properties 


of copper and nickel alloyed irons cast 


and a heavy section are shown in Fig 


CONCLUSIONS 


Because copper is a graphitizer at the solidification 
stage, and an anti-ferritizer on cooling through the 
transformation range, copper additions gray 
iron prevent chilling in thin sections and tree-ferrite 
formation in heavy Thus, copper additions 
impart a uniform structure with neither hard nor solt 
spots, the remarkable overall 
strength and hardness properties 

This is a unique advantage in relation to machin 


to casi 


sections 


and at same time 


ability and wear resistance, which are both important 
for many of the practical applications and the en 
gineering properties of gray iron castings 

Moreover, compared with other alloying elements 
whose influence is far from being so beneficial in re 
lation to the most important engineering properties 
of gray cast iron, copper is a relatively inexpensive 
alloying element. 

Therefore, it is difficult to understand why copper 
additions to gray cast iron are not used more exten 
remark applies especially to Europe 
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Fig. 11 Method of extraction of 
tensile strength and Brinell 
nations from cylindrical bar 7x12 in 
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Fig. 12 Copper effect on hardness increase and hard- Fig. 13 — Comparative effect of copper and nickel on 
ness uniformity in heavy section gray iron castings. hardness increase and hardness uniformity in heavy 
section gray iron castings. 
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NEW FOUNDRY RESINS AND 
APPLICATION TECHNIQUES FOR 
SHELL MOLDS AND SHELL CORES 


By William C. Capehart 


ABSTRACT 


Resins used in the foundry shell mold or shell core 
processes are either of the pulverized or liquid type. 
These are applied by the dry blending and coating 
processes. The operational problems which are en- 
countered when using shell molds and shell cores are 
peel back or drop off, poor casting finish, caking of 
coated sand and thermal cracking. Corrective measures 
can be taken to overcome these difficulties. Control 
tests on the resin-sand mix assure the uniformity of the 
mixes used in production. Tensile strength, flexural 
strength, melt point, cure rate and pickup test are used. 


INTRODUCTION 


The use of resin products in foundry technology 
has become an accepted casting tool. Last year U.S. 
foundries used an estimated 12-14 million |b of resins 
in the production of shell molds and shell cores. Most 
observers expect the 1959 total to go considerably 
higher. Hand in hand with this growth has come the 
rapid development of improved resins and improved 
application techniques. It seems worth while to ex- 
amine some of the more recent advances to see how 
the ferrous and non-ferrous foundry may derive the 
most benefit. 


RESINS 


Resins are conveniently classified in two broad 
groups—“thermoplastic” and “thermosetting.” Ther- 
moplastics may be softened by heat and then harden 
into shape upon cooling. This process can be re- 
peated almost indefinitely, as these plastics undergo 
physical and not chemical changes. Thermoplastic 
resins include such natural products as wood rosin, 
and synthetics such as polystyrene, polyethylene and 
polyvinyl chloride. The thermosetting types will 
harden or set into a permanent shape when heat is 
applied and undergo physical as well as chemical 
changes; thus, the process is irreversible. 

Thermosetting resins include such products as phe- 
nol-formaldehyde, urea-formaldehyde, epoxies, poly- 
ester and melamine-formaldehyde. The resins used in 
the foundry today are combinations of chemicals re- 
acted to form long chains of molecules linked to- 
gether with little if any branching or crosslinking or 
partially cross-linked polymer chains, both of which 
form a three dimensional network design upon cure. 
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Resins melt with heat and then cure to form a rigid 
bond between the sand grains. 

The phenol-formaldehyde resins are used most 
often. Such resins are of two classes; “one stage” and 
“two stage.” The one-stage type is made with a spe 
cifically designed phenol and formaldehyde ratio, and 
reacted in the presence of a catalyst. The resin as dis 
charged from the kettle is thermosetting or heat reac 
tive and requires only further heat to complete the 
reaction to an infusible, insoluble state. These resins 
are used for conventional core binders and some hot 
coating operations. 

The two-stage type also is made with phenol and 
formaldehyde reacted in the presence of a catalyst 
However, the specific ratio of ingredients are reacted 
such that upon discharge from the kettle they have 
formed a linear thermoplastic type polymer com 
monly called a “novolak.”” To produce a thermoset 
ting resin, additional formaldehyde and heat must be 
added. Formaldehyde is usually furnished by the 
breakdown of such a material as hexa-methylene 
tetramine (“Hexa’) when heat is applied. These 
resins are stable in storage even when pulverized with 
the hexa or placed in alcohol or solvent solutions 


Two-Stage Resin 

The foundry trade is familiar with the pulverized 
resin compound made up of a two-stage phenolic 
resin and hexamethylenetetramine and used in dry 
powder blend shell mold operations, Continued re 
search effort has enabled the resin supplier to select 
a range of resin physical properties which give con 
sistent performance and eliminate most of the shell 
production problems. As an example, the flow and 
cure of a dry powder blend type resin can be selected 
as critical properties. 

With too long a flow and a slow cure resin, the 
resin-sand mix tensile strength is low, the shell and 
core pickup is fast and peeling is encountered, With a 
medium flow and a slow cure resin, the resin-sand 
mix tensile strength is good, the shell and core pickup 
is medium and usually no peeling will result. With a 
short flow and slow cure resin, the resin-sand mix 
tensile strength is low, the shell and core pickup is 
slow and delamination peeling may be encountered 
With a long flow and fast cure resin, the resin-sand 
mix tensile strength is low, the shell and core pickup 


is low and delamination peeling may result 
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With a medium flow and fast cure resin, the resin- 
sand mix tensile strength is good, the shell and core 
pickup is medium and some delamination peeling 
may be encountered, With a short flow and fast cure 
resin, the resin-sand mix tensile strength will be low, 
the shell and core pickup is slow and delamination 
pecling may result. These relationships formed the 
basis for many of the present day dry powder resins. 
There are exceptions to the above rules of thumb 
brought about primarily by the demand for higher 
production rates and other resin considerations. 


Coating Resins 

Both one-stage and two-stage phenolic resins are 
used for shell molding, shell cores and as bases for 
coating resins. There are several types of coating 
resins, such as alcohol solutions of novolak resins, 
powdered novolaks blended with hexa and wax for 
use with alcohol and water, crushed lump novolaks, 
water borne novolaks and one stage resins, 

Alcohol solutions of novolak resins, usually in the 
60-80 per cent solids range, are one of the most 
prominent coating resin forms. These resins require 
the addition of hexa and wax during the coating 
cycle. Liquid-type resins are attractive because they 
offer such benefits as bulk handling and metering, a 
lack of resin loss by dust during mixing and with a 
very efficient use of the resin and in handling the 
coated sand, the resin film has good resistance to 
abrasion from the sand. 

The powdered novolaks containing hexa and wax 
are used with alcohol and water solvent systems for 
coating in what is commonly called alcoholic deposi- 
tion, These have such benefits as controlled hexa, 
wax and resin ratio weighed as one unit, volumetric 
use of solvents and possibly 1-2 min faster coating 
cycle than liquids. 

Most of the foundrymen are well acquainted with 
the types of phenolic resins just discussed. A new 
addition to the coating resins field, however, is the 
novolak or two-stage resin supplied as a rough crushed 
lump to be melted on hot sand. Considerable re- 
search work has been done to arrive at a resin which 
melts readily to give controllable mixing properties 
and have adequate tensile and hot casting strength. 

These resins require the use of hexa and wax dur- 
ing the coating cycle. Lump resins have such quali- 
ties as a fast coating cycle, nonflammable solvents 
and little, if any, caking of the coated sand. 


Water-Borne Casting Resins 

Another new type of system is the recently devel 
oped water borne coating resins. These are divided 
into two classes. The first is the one stage resin which 
requires no crosslinking agents such as hexa, but re- 
act rapidly when heated. However, in some cases, 
hexa is used to speed up resin coating and cure. 
These resins are usually stored under refrigeration 
between production and use to extend their life. 

In the coating process they are mixed to the de- 
sired melt point and tensile strength properties with 
heat, and the coated sand cooled rapidly for good 
control of these properties. Some of the benefits of 
the one-stage resins are; a fast cure, and a nonflam- 
mable solvent system. 
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The careful controls in storage, mixing and han- 
dling of the resin and coated sand made with the 
one-stage type resins has made the idea of a novolak 
resin in a stable water system attractive. These resins, 
as do all novolaks, require the addition of hexa, usu- 
ally a powdered or dissolved form and a wax as de- 
sired. These stable water borne novolaks are desirable 
because of the nonflammable solvent system. 

Water borne novolaks may be used with hot sand 
or hot air and have a fast coating cycle. The coated 
sand is nonblocking and stores easily, and a versatile 
range of resin properties is available to meet varied 
production requirements. There is no resin storage 
problem, and preliminary indications are that they 
are more resistant to thermal cracking than other 
types of coating resins. 

In the use of coating resins, the relationship of 
various resin physical properties and the coated sand 
performance is similar to those of a dry blend pow- 
dered-type resin. The relationships are easily noticed 
in the hot coating process where the resin character- 
istics are changed during coating. These changes are 
manifest by such resin-sand mix tests as melt point, 
tensile strength, flexural strength, rate of cure and 
pickup thickness. 

With two-stage resins some empirical relationships 
have become evident such as; when the coated sand 
melt point is raised, the tensile strength and flexural 
strength is lowered and the shell or core pickup 
thickness is less. At certain high melt point levels, a 
delamination peeling condition can be incurred. This 
is brought about because the resin flow is shortened 
and the resin cure is faster. When the coated sand 
melt point is lowered, the tensile strength and flex- 
ural strength is raised and the shell or core pickup 
thickness is increased. This is due to the resin flow 
being lengthened and the cure being slower. 

Also, when the bake time (cure cycle) of a shell or 
core is lengthened, the tensile strength and flexural 
strength increases at a fairly rapid rate and reaches a 
maximum after which the resin degrades reducing 
the tensile strength and flexural strength. These rela- 
tionships point up the importance of processing the 
resin to reach optimum performance characteristics 
for production conditions. 


Cold or Warm Coating Resins 

In cold or warm coating-type resins, the same 
relationships hold as for hot coating resins. However, 
since the resin characteristics are not changed during 
the coating process, the supplier provides resins of 
various properties to fit a wide range of desired shell 
or core operating conditions. There are exceptions to 
these general empirical relationships discussed, and 
illustrated in Fig. 1, because many different types of 
resins are made and new developments are antici- 
pated in resins, coating processes and machinery for 
processing and shell and core production. 


RESIN APPLICATION TECHNIQUES 


Each foundry must select the resin that is the most 
economical and gives the best castings for its opera- 
tion and, therefore, should study resins in light of 
present requirements and future outlook, 





The application technique of resin in shell mold- 
ing or shell cores has changed considerably in the 
past several years, and in coating one might say in 
the past few months. The dry powder blending with 
a powdered resin compound was the original method 
of dispersing the bond and still is continued profit- 
ably in many foundries. As the sand companies 
learned more about shell molding, they have pro- 
duced special sands which have reduced the resin 
content needed for dry blending to a more economi- 
cal level. 

The wide acceptance of the dry powder blend 
technique is evident because no special equipment is 
required that is not already in the foundry, and it is 
fairly foolproof once a study has been made to deter- 
mine the time necessary for efficient resin dispersion. 
Due to the simplicity of this technique, the foundry 
just entering the shell mold field finds that it elim- 
inates one of the problems in consistent shell produc- 
tion at a time when new process problems are at 
their greatest. 

The resin properties available cover a wide range 
of shell applications. Dry resins have a tendency to 
dust, but a number of satisfactory dust suppressants 
are available. 

The foundryman’s desires to produce more compli- 
cated castings in shell, get higher production rates, to 
improve his working conditions and to use blowing 
techniques for shells as well as cores, have given rise 
to the coated sand procedures. Various techniques 
have evolved starting with a conventional powdered 
shell resin and a solvent, and progressing to special 
resins for each coating technique. 


Methods of Coating Sand 

There are three broad methods of coating sand 
which involve the placement of resin on each sand 
grain. These methods are classed as cold, warm and 
hot. Cold coating entails the use of room temperature 
sand and room temperature air. Cold coating can be 
performed in most conventional foundry mixing 
equipment except for cement or cone blenders. Al- 
cohol solutions of novolaks and powdered resin com- 
pounds used with alcohol and water will perform 
well with this method. 

The typical coating procedure for a liquid resin 
calls for catalyst and lubricant placement in the 
mixer and dry blended 10-20 sec with the sand. Then 
the resin is added and the mixture blended until it 
is wet. At this time the room temperature air is fed 
in. As mixing is continued, the resin-sand mix be- 
comes a doughy mass called a ball stage. With con- 
tinued mixing and solvent evaporation this dries out 
and breaks down. The time to reach dryness depends 
upon the amount and type of resin used, the mixer, 
and the type of sand. 

Use of a powdered resin with a solvent requires a 
similar operation, except that the dry blending of the 
resin and sand takes 30 sec to 2 min for adequate 
resin dispersion. Then the solvent is added and 
mulled until the mix is wet. From this point the 
operation is the same. Some of the reasons for cold 
coating in addition to the regular coated sand bene 
fits are; limited capital investment and fewer mixing 
variables to control. 
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Fig. 1 — Conventional two-stage phenolic resin physical 
and empirical relationships. 


Warm coating usually involves the same type of 
mixing equipment as for cold coating, but a modifi 
cation has to be added to circulate warm air up to 
about 225 F through the muller. Air up to 450 F may 
be used for short periods provided the resin is not 
advanced appreciably. The degree of advancement o1 
change can be measured in terms of such tests as 
melt point, tensile strength and flexural strength 
The same types of resins and procedures used in cold 
coating apply to warm coating. 

A short cooling cycle may be required to arrive at 
about room temperature coated sand before use o1 
storage. Warm coating has the added benefits of re 
ducing the cold coating mix cycle, increasing the 
coating capacity over cold coating because of less ball 
stage and producing less caking of the coated sand 
In the cold and warm coating processes there is essen 
tially no change in resin characteristics during the 
coating operation, as only the solvent has been re 
moved leaving a resin film on the sand 


Hot Coating Sand 

Hot coating involves the three basic techniques of 
much hotter air or hotter sand, or both. In hot coat 
ing, the resin is advanced and its characteristics are 
changed substantially with heat (220-500 F). A meas 
ure of the change is noticed by the melt point rise 
when samples are taken at various time intervals dur 
ing coating. This enables the foundry to have one 
resin perform on many different types of molds o1 


patterns simply by selecting the desired resin ad 


vancement to give optimum performance 

One method of hot coating employs sand at room 
temperature and hot air, After a short blending of 
the catalyst and lubricant, the liquid novolak resin or 
a water borne resin is added, When the resin has wet 
the sand, hot air is fed in until the desired resin 
melt point is reached at which time a water quench 
may be used for cooling purposes. With additional 
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mixing, the water stops resin advancement and 
breaks down the ball stage for easier handling. 
Another method involves the use of hot sand at 
225-400 F, and water borne resins or crushed novolak 
lumps. The water borne mix follows a cycle in which 
resin is added to the hot sand and mixed to wetness. 
Next, the hexa and lubricant are added and mixing 
continued until the desired resin properties are 
reached, At this time a water quench may be used 
for cooling purposes, and to stop resin advancement 
and break down the ball stage for easier screening. 
In the use of a crushed lump novolak, resin is 
added to hot sand and mixed until it melts and coats 
the sand. A water-hexa quench is added to stop 
volatile resin removal and give minimum resin ad- 
vancement. After cooling, the lubricant is added in 
the mixer if not originally introduced with the lump. 
Another method employs the use of hot sand and 
hot air with the three resins mentioned above. 
These various techniques may be altered to meet in- 
dividual needs in order to secure better control or 
meet machinery operating requirements. 
These hot coating processes have such benefits as 
a fast mix cycle, little, if any, caking of the coated 
sand in storage, nonflammable solvents when water 
borne or lump novolaks are used, a hard resin film 
that is resistant to abrasion from the sand in handling 
and the opportunity to tailor the resin properties to 
meet a wide range of shell mold or core conditions. 
Each foundry must study the various resin applica- 
tion techniques in light of economy, performance, as 


well as present and future requirements. 


BOND VARIABLES 


In coating sand, as in any bonding process, there 
are several variables which influence the bond 
strength. The first consideration is the sand used. 
The round grain sands have less surface area than 
subangular sands and need less resin for comparable 
strengths. However, round grain sands may cause 
more thermal cracks than sharp sands due to grain 
expansion rates in casting certain type metals. 

The finer sand grains give more surface area for 
resin to cover and requires higher resin contents. Al- 
though finer sands give smoother finishes on cast- 
ings, to conserve resin each foundry should use the 
coarsest sand possible to produce the desired finish. 
In some cases coarse sands may be offenders in resin 
abrasion from coated sand during the mixing and 
give erratic coating results. 

Clean sand, which is low in organics and clay, re- 
quire less resin. Also, organics, clays and oxides found 
in some sands give a cushioning effect on certain 
type castings to reduce thermal cracking. Therefore, 
a blend of two sands or the use of additives some- 
times is desirable. 

The bond in resin-sand mixes is developed between 
resin films on the sand, and, in turn, resin to sand. 
Thus, it is apparent that wetability of the sand grain 
by resin, and the bond between resin and sand, is 
important. Therefore, sands which have thin films of 
such things as clay, carbon or alkalies, may give poor 
strength and consequently, low strength mixes. 

In the introduction of any new process, there are 
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some variables and problems encountered which de- 
mand a solution in order to have consistent produc- 
tion. Efficient production depends upon the found- 
ryman’s ability to determine the source of trouble 
and arrive at a solution in a reasonable time. It may 
be of interest to define some typical problems and 
discuss possible causes and corrective measures. 


SHELL MOLD AND SHELL 
CORE OPERATIONAL PROBLEMS 
Peel Back or Drop Off 

Peel back occurs when a shell mold or shell core 
pulls away from the pattern or mold face at certain 
sections, usually around the edge or on projections. 
The sections which have pulled away from the pat- 
tern lay back on the mold and remain attached to 
shell or core. Drop off occurs when parts or all of 
the shell or core completely falls from the pattern or 
box. This may also occur as chunk drop off. Possible 
causes and corrective measures are: 

1) Resin Sand Mix Improperly Made. Check in- 
gredient amounts and mixing procedure. If the 
mixer is used for other foundry cores be sure it 
is free of core oils. Run at least two to three 
cleanout batches. 

Wet Sand. With the moisture above | per cent, 
sand will blend or coat poorly and retain part of 
the water. The cure will be slowed down so the 
shell will not stay on the pattern. Use dry sand 
below 0.5 per cent moisture. With the hot sand 
technique a wet sand may be used and dried as 
it is heated. 

Pattern or Core Box Temperature too High. 
When the temperatures of patterns or box are 
too high, they cause a buildup of extra thick 
shells or cores which may peel or drop off be- 
cause of the heavy weight. To correct this, lower 
the mold temperature and/or speed up the in- 
vestment cycle. 

Pattern or Core Box Temperature too Low. When 
pattern temperatures are too low, the shell or 
core may not be cured sufficiently to stay in 
place after the roll over. To overcome this con- 
dition increase the mold temperature or preheat 
the mold. 

Dwell Time too Long. With long dwell time, the 
shell or core may build up too thick and peel 
or drop off the pattern or mold. Decreasing the 
dwell time gives a thinner shell or core. 

6) Sticking to Side of Dump Box. The sides of the 
dump box at the pattern contact point may get 
hot and cause sticking and peel around the 
edges. Silicone rubber and/or a water jacket 
around this location will eliminate the problem. 
Also, pattern border outlines will give a clean 
break. 

Not Enough Mix in Dump Box. Small amounts 
of mix in the dump box give poor compaction, 
and high projections will peel or drop off. A 
heavy-burden drop and good coverage elim- 
inates this condition. 

Solvent Not Removed From Coated Sand Suffi- 
ciently. Solvents remaining in the coated mix 
may give off gas which results in slow cure and 





peeling or drop off. To correct this, screen and 
aerate more effectively or adjust the coating cycle. 


9) Pattern or Core Box Design. Patterns with high 


projections which cause large temperature vari- 
ations tend to cause peeling. Insert heaters or 
special heating relieves this. Aluminum patterns 
of certain design may lose heat rapidly to cause 
peeling. Dissimilar pattern materials may cause 
peeling or sticking. Consider pattern heating 
problems when designing patterns. 


10) Resin Content of Mix too High or too Low. 


High resin content may cause too heavy a build- 
up on the pattern or mold and produce peeling. 
Too low a resin content produces weak shells or 
cores which peel or drop off. 


Poor Casting Finish — Rough Surface 
1) Resin Sand Mix Improperly Made. Improperly 


coated or blended sand may have resin rich 
lumps and give poor fillout of shells or cores. 
The fine grain sand may be lost as small lumps 
when the coated mix is screened, and, therefore, 
give rough surface finish. 

Sand with Large Amounts of Coarse Screen 
Material. The casting finish is dependent upon 
the sand grain size used in the core or shell. The 
finer sands give smoother finishes but require 
more resin. 

Pattern or Core Box Temperatures too High. 
High pattern or core box temperatures overcure 
the shell or core and may produce washes or sand 
inclusions due to a weakened shell or core. Use 
a constant temperature that gives consistently 
cured shells or cores. 

Too Little Resin in Mix. Low resin content tends 
to cause washes, out of dimension products, 
cracking and metal runouts. 

Turbulent Metal Flow, or Lack of Effective 
Choke Feeding. To produce castings with smooth 
surfaces, more devices must be used to assure 
smooth metal flow and adequate fill of the cav- 
ity. Metal pouring range and fluidity of the metal 
determine the shell rigging. Most metals take on 
a better finish if pouring is on the cool side. 


6) Poor Resin Mix Application to Pattern or Mold. 


Poor fillout of cores is the result of unsuitable 
blowing pressure, venting and sand flowability. 
Poor fillout in shells comes from light drop of 
mix, air trapped by resin-sand mix as it falls 
over the pattern or slow drop of mix. Adjust 
blowing pressure and vents to each mold. Add 
more mix to the dump box, vent the pattern 
area and speed up box roll-over. Use a vibrator 
on the box or mold to increase the density and 
remove trapped air. 


7) Hard Pouring of the Mold. Pour steadily enough 


for good fill but not too hard to cause metal 
turbulences, aspiration or excessive head pres- 
sure in the cavity. 


8) Poor Shell Bonding. Bond wherever possible on 


the shell to prevent formation of fins, cope float- 
ing or strains. Use as many springs as possible 
on the glue press over the bonding area. Bond 
while the shell is hot. Its temperature should be 
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at least 275-375 F. Each bonding resin has an 
optimum shell temperature for assembly. Bond 
before the glue sets up onto a thick bond, pre 
venting mold closure and causing fins. The 
liquid-type bonding resins or slurries do a good 
job when used properly. 


Caking of Coated Sand 

This refers to the formation of lumps, hard balls o1 
a solid mass a short time after the coated sand is dis 
charged from the coating mixer. It is usually caused 
by residual solvent or heat. 


1) Poor Solvent Removal. Screen and aerate the mix 
until no green strength is present, or adjust the 
mix cycle or conditions. 

High Humidity Day. On high humidity days sol 
vent removal is more difficult and may require 
more aeration than is needed in less humid 
weather. Gradual solvent reduction is recom 
mended when powdered coating resins are used 
This problem is more prevalent in cold or warm 
coating processes. 

Resin Reacted by Heat. Long mixing cycles in 
warm coating may overheat the coated sand and 
partially cure the resin-sand mix. Warm coated 
sand temperatures above 170 F may cause trouble 
The inclusion of a cooling cycle in mixing or 
proper aeration after screening will relieve this 
problem. 

Hot Storage. Hot storage area, or failure to re 
duce hot coated sand below 140-160 F, can tackify 
the resin and induce caking. 

Resin Sand Mix not made Properly. Review 
the coating procedure and be sure of ingredient 
amounts. 

Wet Sand or Excess Quench Water, Excess mois 
ture in sand is extremely hard to remove in cold 
or warm coating and can make the resin sticky 
and lumpy. If excess quench water is used in hot 
coating this should be reduced gradually. Mois 
ture may be condensed on the coated sand dur 
ing handling, so check at various points to deter 
mine this location. 

High Clay Content of Sand. High clay content 
makes solvent difficult to remove and can result 
in solvent caking. 

High Sand Fines. Sand fines form small lumps 
which may retain solvent and cause caking. 
Excessive Additives. Excessive additives such as 
plasticizers or green strength additives cause cak 
ing in storage or processing. 

Hot Air Turned on too Soon. In warm coating, 
hot air may cause encasing of the solvent by a 
resin film. As this solvent percolates through, it 
produces caking. To correct this condition, ad 
just the mix cycle or reduce the air temperature 


Thermal Cracking of Molds or Cores 

Most shells crack at many places as the binder 
burns out. However, the metal has usually solidified 
sufficiently to prevent run-outs, Thermal cracks usu 
ally occur less than 25 sec after the metal has been 
poured, and may give metal run-outs or casting fins 


Thermal cracks in most cases come at stress points in 
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Fig. 2— Tensile strength control test for resin-sand 
mixes utilizes the standard AFS recommended '%-in. 
briquette. After the mix has been placed in the 400 + 
10F mold, the strike-off is made in both directions 
from the center of the longitudinal axis. 


the shell. Possible causes and corrective measures for 
this condition are: 


1) High Resin Content. With excess resin the shell 
or core cures to a rigid, brittle form that is 
prone to crack. To eliminate this reduce the 
resin content or undercure the shell or core. 
Sand Segregation. When coarse sands are en- 
countered by segregation using a high resin con- 
tent, the shells or cores become rigid and brittle. 
If there is an excess of sand fines, the mix be- 
comes weak and cracks easily. Periodically, sam- 
ple the sand and run a screen analysis. Sands 
with four or five screen distribution have proved 
more resistant to thermal cracks than two or 
three screen sands. 

3) Overcured Shells or Cores. Overcured shells or 
cores are rigid, brittle and may be weak. Control 
pattern and oven temperatures to minimize the 
overcure. 

4) Improper Shell Assembly. Poor placement of the 
shell bonding resin may produce weak bond 
areas and cracks. Misaligned bonding machine 
pins set up stress areas that are relieved with 
pouring. Shells may become too rigid or cold 
before bonding, causing stress areas or cracks 
and a weak bond. High air pressure on the 
bonder may crack or stress the shells. 

Warped Shells or Cores. Warped shells or cores 
set up concentrated stress areas. Here again, 
pouring relieves this stress. Determine the cause 
of warpage and take corrective action. 

High Ferro-Static Pressure. Hard pouring and un- 
supported shells may cause cracking. Pour only 
hard enough to get good fill. Bed the shell or 
give as much support as possible to prevent 
cracking of the shell by weight stress. 

Geometric Stress Cracks. Some casting shapes 
are especially likely to produce stress areas in 
the shell. Elimination of as many sharp corners 
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as possible helps prevent cracks. Also, notching 
shells in certain places forces the cracks into less 
critical areas. In some shells, reinforcing rods or 
ribs prevent or at least limit cracks. Specially de- 
signed shell flasks or frames promote even rates 
of expansion and eliminate cracks or reduce 
them to a point at which the cracks do not pro- 
duce out-of-dimension castings or fins. 

8) Cold Shells. On certain types of castings and 
metals cold shells may cause thermal cracks. 
Pouring the shells while they are warm or torch- 
ing them before pouring reduces this problem. 


CONTROLS FOR RESIN-SAND MIXES 


A new foundry process calls for some means of con- 
trol to insure uniform production. The resin supplier 
uses such physical properties as melt point, flow, cure, 
solids content and viscosity as his control criteria for 
each batch of resin. Rigid specifications must be met 
before a shipment is made. The resin suppliers are 
conscious of the responsibility of product uniformity 
to the customer. 

There are several tests which can be performed on 
the resin-sand mixture that do not require elaborate 
equipment but relate to production conditions. Such 
tests make it possible to compare various binders, to 
check the uniformity of mixes and the influence of 
mechanical and raw material variables. Many found- 
ries use as many as five of these contro] measure- 
ments. Some of these are tensile strength, flexural 
strength, melt point or stick point, cure rate and 
pickup. 


Tensile Strength 

This test utilizes the standard AFS recommended 
4-in. briquette (Fig. 2). After the mix has been 
placed in the 400 + 10 F mold, the strike-off is made 
in both directions from the center of the longitudinal 
axis. Care should be taken to get as smooth a surface 
as possible in the strike-off, and also to prevent chat- 
ter which results in uneven specimen density. The 
specimens are cured in an oven at 580 + 10 F for 2 
min. 

Cure time must be adjusted for the type and 
amount of resin used, and for the blend or coating 
process so as to develop the maximum tensile values. 
Coated sand usually cures faster than dry blends. The 
specimen can also be made by blowing techniques 
and cured in the same general way. 

Any suitable tester may be used to break the speci- 
mens once they have cooled to room temperature. It 
has been found that results often vary as much as 
+ 15 psi between operators. Therefore, in establish- 
ing a control range for mixes this must be taken into 
account. The weight of the specimens indicates mix 
density and flowability, and relates to tensile strength. 
The value of the test is limited, and must be used 
only as a relative comparison because the values are 
small, because of operator variation and because of 
jaw failures. 


Flexural Strength 

The specimen mold may be fabricated from alu- 
minum or other suitable metal, such as cold rolled 
steel (Fig. 3). The molding mixture may be taken 





from a production batch or compounded in the lab 
oratory in any efficient mixer. Conditions for mold 
ing are chosen to conform approximately with those 
of the shell or core producing machine. The practice 
has been to use a mold temperature of 400 + 10 F, and 
a cure time of 2 min at 580 + 10 F. 

The test pieces are molded by filling the mold 
cavities to overflow, then striking off the excess 
quickly with a metal straight edge. After the pieces 
are cured for 2 min, its dimensions are about 5 in. x 
Yy-in. X Y-in. One side of the specimen is rough and 
non-uniform. Since the flexural strength is dependent 
greatly upon the uniformity of the cross-sectional 
area, the rough side is abraded to produce a constant 
thickness. 

This is done by passing it under an abrasive wheel 
with set clearance. Each piece is then cut in half to 


produce two bars each about 2.5 in. x 0.5 in. x 0.33 in. 
The bars are tested in any suitable device for the 
measurement of flexural strengths. It is important 
that the same face (rough or smooth) be in the 
same position for all tests. 
The test has good reproductibility. 


Melt Point or Stick Point Test 

This test is used for coated sand, but is not recom 
mended for resin-sand dry mixes. Although the resins 
are amorphous and have no true melting point, they 
do soften as heat is applied. The temperature at 
which the resin film on the coated sand mix softens 
sufficiently to adhere to a plate is recorded as the 
melt point. A ground steel bar (1134 x 234 x 1014 in.) 
may be heated to provide a temperature gradient 
by means of two 50 watt, 115 V, bayonet heaters. 
Two holes are drilled in one end of the bar to re 
ceive the heaters. A temperature gradient of 125- 
250 F is obtained by incorporating a power reostat 
in the system (Fig. 4). 

To determine the melt point or stick point, the 
resin coated sand is spread to a depth of about Me-in 


Fig. 3 —In the flexural strength test for resin-sand 
mixes the specimen mold may be fabricated from 
aluminum or other suitable metal such as cold rolled 
steel. Conditions for molding are chosen to conform ap- 
proximately with those of the shell or core producing 
machine. 
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After allowing | min to elapse Starting at the cooler 
end the coated sand is brushed lightly off with a 
camel hair brush, or may be blown off with low pres 
sure air at a constant distance of the nozzle above the 
bar. The temperature of the section on the bar at 
which the coated sand. sticks is measured with a 
pyrometer. 

This temperature is the melt or stick point. Typi 
cal satisfactory values for core mixes vary from about 
160-210 F, while values for shell mold mixes vary 
from about 180-230 F. 

This is a fast test for determining the quality of 
each batch before using it in production. The test is 
particularly valuable in hot coating. Each resin has a 
melt point range in which it performs best for shells 
or cores. Higher than normal melt points indicate 
resin abrasion from the sand, or too much resin ad 
vancement. Lower than normal melt points indicate 
excess resin, unremoved solvent, or under-advanced 
resin, The melt point in hot coating is a time and 
temperature relationship and must be adjusted with 
one or the other to arrive at control values 


Cure Rate or Depth of Cure Test 

An empirical comparison of cure rate can be mace 
by reducing the cure time of a standard AFS tensile 
briquette and breaking it while hot. The nearer the 
tensile strength value approaches the maximum ten 
sile of the specimen as run on a regular test, the 
faster the resin cure rate. A second method consists 
of dumping or blowing the coated sand into a heated 
conical mold and base plate at 450 10 F (Fig. 5) 
The excess is struck off, and the specimen and mold 
are placed in an oven at 580 + LO F and baked 30 
Sec, 

The mold and specimen are brought trom the 
oven and the specimen ejected. This specimen is cut 
in half, top to bottom, and the uncured mix re 
moved from the interior leaving a cured outer shell 
The cured thickness is measured to determine the 
rate of resin cure or depth of cure. The thicker the 
section, the faster the cure 


Pickup Test 
Into a heated cylinder and base plate at 450 10} 
the resin mix is dumped or blown (Fig. 6). The mix 


Fig. 4 The melt point or stick point test is used for 
coated sand. Two holes are drilled in one end of the 


bar to receive heaters. The temperature gradient of 


125-250 F can be obtained 
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Fig. 5—In the rate or depth of cure test illustrated 
the coated sand is dumped or blown into a heated coni- 
cal mold and base plate at 450 + 10F. The excess is 
struck off and the specimen and mold are placed in an 
oven at 580 + 10F and baked 30 sec. 


is invested for 15 sec and the excess is dumped. The 
specimen and mold are placed in an oven at 580 + 
10 F and cured about 2 min, after which the cylinder 
is ejected from the mold and cooled for weighing. 
Afterward, it may be cut in half to determine the wall 
thickness. This determines the investment time re- 
quired, resin content or temperature needed to secure 
a specified wall thickness. This test also checks mix 
flowability and density of the mix, 

There are other valuable tests such as hot deforma- 
tion, expansion, peeling, hot deflection, scratch hard- 
ness, collapsibility and resin content by loss on igni- 
tion. Such tests may be of value at particular found- 
ries where certain problems exist or a preference is 
indicated. 


Summary 

The resins used in the foundry shell mold or shell 
core processes are of two physical forms. These are 
the pulverized and liquid types. The pulverized resin 
forms are resin compounds and crushed lump novo- 
laks. The liquid resin forms are alcohol solutions of 
novolaks, water borne solvent systems of novolaks and 
water borne solvent systems of one-stage resins. 

The resin application techniques are dry blending 
and coating. The coating processes are cold, warm 
and hot, dependent upon the method used to place a 
resin film on each sand grain and degree of resin ad- 
vancement. The newer coating types involve the use 
of hot sand or hot air or combinations of these. 

Some factors that influence the resin sand bond 


quality are sand grain shape, grain size and con- 


taminants. 


Some typical problems in shell mold and shell core 
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PICKUP CYLINOER SECTION 


gvECTOR 


Fig. 6 —In the shell core or shell mold pickup test 
the resin mix is dumped or blown into a heated cylinder 
and base plate at 450 + 10F, and invested for 15 sec, 
and cured in an oven at 580 + 10F about 2 min after 
which the cylinder is ejected from the mold and cooled 
for weighing. 


production are peel back or drop off, poor casting 
finish, caking of coated sand and thermal cracking. 
These may be encountered in using dry blends or 
coated sand, and corrective measures can be taken. 

Control tests on the resin-sand mix such as tensile 
strength, flexural strength, melt point, cure rate and 
pickup, assure uniform mixes. 

Production of satisfactory castings using shell molds 
and shell cores depends upon an understanding of 
the resins being used, the most economical resin ap- 
plication technique, the ability to analyze a produc- 
tion problem swiftly and a knowledge of proper cor- 
rective measures as well as the establishment of suit 
able controls to insure consistent day to day opera- 
tion, Great strides have been made in all these fields, 
and the future holds even more rewards for the ag- 
gressively managed foundry. 
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THE FOUNDRY PLANT ENGINEER 


By James Thomson 


ABSTRACT 
Often, it is really worth while to take a backward look 
over the past to get a proper perspective of where we 
now stand and perhaps where we are headed. Not nec- 
essarily that we should be “proud of the good old days,” 
but that we may have a better appreciation of progress 
made. 


INTRODUCTION 


In retrospect, let us take a brief look at the foundry 
industry in the early years of the present century. 
There were many foundries in this country—iron, 
steel and non-ferrous, a few large and many small, 
but to a great extent there was little or no mechan- 
ization. Production was mainly by manual labor. 
True, in some foundries there were cranes, some belt 
conveyors, air tools, etc., but they were more or less 
the exception. And this was also true in other indus- 
tries. In fact, mass production, as developed by the 
automobile industry, had its inception in the first 
decade of this century. 


MASS PRODUCTION ERA 


For the past three or four decades American indus- 
try has been traveling along in what might be termed 
the “Mass Production Era.” The methods, principles, 
organization, research, etc., developed by the automo- 
tive industry have been studied and adapted by other 
industries including our own, which have resulted in 
a tremendous increase in the productive capacity of 
the country. Accompanying this change in our indus- 
trial history has come a myriad of inventions, ma- 
chines, equipment, materials, methods, etc. Even our 
educational system has been affected by it. 

At the turn of the century there were few, if any, 
men who might be termed foundry plant engineers. 
In fact, I doubt if the tithe was even known those 
days. Engineers seemed to have an idea, which in 
many instances was true, that foundries were dirty 
and unpleasant places in which to work, and many 
did not seem to be interested. In fact, my introduc: 
tion to the subject was an illustration of that attitude. 

I was working on the drafting board in the design 
engineering department of a large machine concern. 
One day the Chief Engineer stopped at the board 
of an engineer and said, “Bill, the superintendent of 
our steel foundry wants a man to make a plant layout 
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a fifty year reminiscence 


for him, and I should like you to go up and take 
care of it for him.” Bill replied, “Chief, 1 would like 
to be excused; I don’t want to work in a dirty found 
ry.” The Chief then turned to me and asked if I had 
heard the conversation. | had, so he asked me if | 
would like to take the assignment which he guessed 
would take about three or four wecks 

After discussion and arrangements | told him “Yes, 
I should like to get some first hand knowledge of 
foundry work,” figuring that it would be of value 
later in the design work we were doing 

So on the next Monday morning | arrived at the 
steel foundry, and the superintendent turned me over 
to the master mechanic who was to direct me in 
what was wanted 


PLANT LAYOUT 


The job they wanted was a scaled layout or map of 
the plant buildings, and the main items of equip 
ment therein. Some small amount of information was 
in the form of sketches and prints in the desk drawers 
and on books in the master mechanic's office which 
by the way, was in the engine room of the power 
house, not partitioned off, just a desk and dratting 
board in the engine room, The remaining data had 
to be obtained in the field 

\ couple of weeks went by and I was getting in 
formation for the map, and absorbing what I could 
of operations in the foundry. One day the master 
mechanic asked me to lay aside the layout tempo 
rarily and make some drawings for him of parts he 
needed to get some equipment in shape. Later there 
were other interferences caused by drawings needed 
for other things, so the three weeks job extended to 
three months. My chief kept asking when IT would be 
finished at the foundry 

About this time the superintendent approached me 
with the proposition that he would like to have me 
Slay with the foundry as a sort of engineering assist 
ant to the master mechanic. He said he was convinced 
that the foundry needed some sort olf engineering 
approach to some of their problems, and thought that 


I might fill the bill 
ATTITUDES DEVELOPED 


By this time I had developed two strong attitudes 
first an intense interest in the operation of that steel 
foundry, and second a tremendous regard for the 
knowledge and ability of the master mechanic. He 
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was Swedish, probably thirty years my senior, a me- 
chanic of the old school with wonderful ability and 
resourcefulness. I was intrigued with the idea of 
working with him and trying to absorb some of his 
knowledge and qualifications. 

So I agreed to take the job if a transfer could be 
obtained from my chief. This then was my inception 
as a foundry plant engineer. The proposed original 
stay of three weeks lasted for ten years with that 
company. 

As I look back over these ten years, | am somewhat 
amazed at the variety of experiences and opportuni- 
ties which occurred. I developed into a sort of gen- 
eral utility man in the plant. There were, of course, 
the engineering jobs in collaboration with the master 
mechanic and the general office, such as building ex- 
tensions, installation and relocation of equipment, 
design of special equipment, improvement of existing 
equipment, maintenance problems, etc. However, I 
sometimes got pushed into the operating depart- 
ments, The superintendent would call up and say 
that “so and so foreman is sick (or going on vaca- 
tion), will you look after his work until he returns.” 

Thus, I was permitted to get some acquaintance 
with operating problems. 


PRODUCT INSPECTION 


One day the plant manager called me to his of- 
fice and he and the superintendent discussed with 
me the fact that they had never had any definite 
inspection of the product. What was my opinion? 
My reply was that I was surprised that they had 
not established a definite inspection program long 
ago. They agreed that I was right, and said that 
such a program was about to be started, I remarked 
that the inspector they appointed would have a bat- 
tle on his hands, and should be responsible only to 
the management. They agreed and much to my sur- 
prise told me I was “it.” 

So the inspection department was established and, 
although it was a battle for a while, the quality of the 
finished product improved. Complaints from cus- 
tomers became fewer and fewer and eventually all 
agreed that it was a valuable addition to our op- 
erations. 

One interesting problem during this period was an 
investigation of our power plant. In those days, 
central power was not as common as today, hence 
many plants had their own boiler and engine rooms. 
We had three 250 hp boilers, two engines directly 
connected to D.C. generators, two ail COM pressors 
and various auxiliaries. Our investigation led to a 
vast improvement in efficiency in the power plant, 
and the collecting of data which proved to the com- 
pany the need for additional equipment. This com- 
prised a mixed pressure turbine-driven generator, a 
large compressor and auxiliary equipment. 

I shall not weary you with a recital of figures 
about our increased efficiency, but it was outstand- 
ing enough so that our superintendent bragged about 
it to the other plant managers of the company. The 
company at that time had six plants, five of which 
had toundries. This led to my being loaned to these 
other plants for work in their power plants, and 
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eventually to a job during my last two years with 
the company, in charge of power plant operations of 
all the plants. 

Many of the problems in this work were personnel 
rather than equipment problems, and many _inci- 
dents both sad and humorous might be told about 
them. For instance an old German fireman at one of 
the plants seemed to object to my interference with 
his work. He said “I can wheel more coal than any 
fireman in Allegheny County, and no young whipper- 
snapper of an engineer is going to tell me how to 
do my job.” 

I replied, “Pete, the more coal you wheel to these 
boilers, the more ash you have to wheel out. Look 
at you, your face, and hands and clothes are black 
from so much coal and ash handling. You don’t have 
a minute’s time to rest and wash up. If I can show 
you how to keep up steam with less coal, wouldn't 
you be happy?” Pete replied, “But you can’t. I've 
been firing these boilers for 15 years and you can’t 
show me.” Well we showed him and he was really 
happy, and we sayed many tons of coal. 

That was over 40 years ago. No doubt many changes 
have taken place in these plants, one of which would 
be a change to central station power. 

In the ten years I have been talking about I re- 
ceived a wonderful apprenticeship in foundry plant 
engineering, and had come to the conclusion that 
there is a field of work in the foundry industry for 
plant engineers. 


FOUNDRY ENGINEERING 


One day I received a call from a man who had 
been manager of the above steel foundry during 
part of my time there, and who had left to become 
president of a foundry company in the middle west. 
He asked me to meet him in Pittsburgh. He had an 
interesting but discouraging tale to tell me about 
his plant. They could not get production problems 
licked because of serious mechanical and electrical 
breakdowns. Would I be interested in visiting the 
plant and considering the job of plant engineer. 

To say the least, I was flattered to think that my 
old boss thought enough of my ability that he would 
call on me for help in his trouble. I therefore agreed 
to spend a couple of days in the plant, and would 
advise him later of my decision. 

My visit at the plant indicated to me that the 
story the president had told me was undoubtedly 
true. The plant was far from being as well equipped 
as the one I was thinking about leaving. The prospect 
did not look inviting. So I did a lot of thinking 
about it. Maybe it was even worse than [ had ob- 
served. Would I get proper backing from the man 
agement? Would I get along with the production de- 
partments? What kind of maintenance personnel and 
equipment were available? Had I the guts to fight 
it through against the difficulties which would arise, 
etc. etc? 

In my dilemma I decided to talk it over with my 
old friend the master mechanic. After explaining the 
situation to him he said, “Jim, I advise you to take 
the job. I know it will be hard but is a great chal 
lenge and I am sure you can handle it. Here is an 





opportunity to further prove your theory that plant 
engineers are needed in the foundry industry.” 

I finally decided to make the move after getting 
a clear understanding as to my authority, who was 
to be my boss, that the maintenance department was 
to report only to me, etc. 

But what an awakening! It was far worse than had 
been anticipated. The plant was started in 1910, and 
this was 1916, and it looked like they had failed 
to properly maintain it. There were little or no 
records of equipment, practically no spare parts, no 
idea of preventive maintenance, few maintenance 
tools and machines (and these inadequately equipped) 
and maintenance personnel was rather poor and un- 
derpaid, As an example, they had two cranes which 
were identical, but instead of getting repair parts 
for both, one was shoved into a corner and was 
being robbed of parts to keep the other going. 

The storeroom keeper used his ideas of what 
kind of materials should be bought for the main- 
tenance department, such as oils, bearing metals 
and electrical materials, instead of buying what the 
master mechanic ordered. 

What a mess I had gotten into! The master me- 
chanic told me that when I visited the plant the man- 
ager had purposely prevented me from talking to 
him alone, and that if he had told me about the 
conditions I probably would not have come. 

To say the least it was a terrible disappointment. 
Not only from the plant conditions, but the produc- 
tion department seemed to think that this “new 
broom” was going to quickly sweep away a lot of 
their troubles. However, that was impossible, and I 
was often the goat for things that affected production. 

These experiences taught me an important lesson. 
Knowledge, experience and personality were not the 
only faculties needed. One had to add to these that 
important qualification — intestinal fortitude. We were 
in a struggle to build a better operating plant and, 
therefore, had to fight it through against all odds. 

I might recite many incidents of this period, some 
almost unbelievable and some humorous, but suf- 
fice it to say that day by day and month by month 
things began to look up. 


NEW BUILDINGS 

The first world war was on and we were in it. We 
had to build another foundry to satisfy government 
demands, New buildings and equipment had to be 
planned and installed. These were interesting days 
for the plant engineering and maintenance depart- 
ments. With improved and enlarged personnel and 
organization we were able to carry out the construc- 
tion program in good shape. The demands of wartime 
production developed many additional problems for 
these departments. 

Eventually the war was over and we had to resume 
commercial production. About this time | began to 
see here and there that a few foundry companies 
had seen the value of having a plant engineer in 
their organization. This made me happy, knowing that 
now these companies were beginning to realize the 
value of the engineering approach to many of their 
problems. 
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It is true that there were some engineering concerns 
which did some consulting work on foundry prob 
lems, but even when they were employed it became 
evident that when the foundry company had their 
own plant engineering department there existed 
a better means of contact with the consultants 
For here were men who talked the same language 
and could discuss the problems from a similar back 
ground. 


INDUSTRY DEVELOPMENT 


The next two decades after the first world war 
showed a remarkable development in the foundry in 
dustry. Many new ideas showed up and much new 
equipment was developed. New equipment and ma 
terials companies sprung up. And may I be bold 
enough to assert that in the development of much 
of this new or improved equipment foundry plant 
engineers played a prominent part, even if some of 
the producers may not agree. Our demand for better 
construction, better lubrication, better dust protec 
tion, better controls and a myriad of other sugges 
tions has made the equipment much better than it 
might otherwise have been. 

During this period there also developed a great in 
terest in the idea of preventive maintenance. Much 
has been written and discussed on this subject, and 
much progress has been made in some places. How 
ever, there is still much more to be accomplished 


ADDITIONAL FACILITIES 


In the middle of the twenties our company was 
finally convinced that a machine shop for large work 
would be an excellent addition to the facilities. This 
problem was turned over to me. It was interesting 
not only from the standpoint of building design, 
machine tools and equipment, but from the fact 
that I had often to Oppose some of the suggestions 
of my superiors. For instance I turned “thumbs 
down” on two of the locations for the new shop they 
suggested. I told them that they were not looking 
far enough into the future and that their locations 
prevented extensive enough enlargment 

This has been proved true as the shop has been 
extended until it now is over five times its original 
size. It is perhaps the largest miscellaneous machine 
shop in the middle west 
mills can be produced in it 


Complete steel rolling 


In 1930 our company expanded by taking over 
two other foundry and machine companies in the 
East. We then had four plants. To me was assigned the 
job of Chief Works Engineer for all the plants. This 
of course added much larger responsibilities, so we 
organized for it by having a plant engineer tor each 
of the divisions and located at his own plant. Thus 
I had a contact man at each plant who could carry 
out his assignments for that plant 

Of course, you all remember the terrible days of 
the depression of the thirties. Most of our plans 
had to be laid aside. Yours truly was the complete 
works engineering department. He was chiel engi 
neer, blue print boy, draftsman, estimator, etc., but 
happy to have a job. However, things eventually got 
better and we gradually got back to normal! 
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Then we were faced with the Second World War and 
the foundry industry was called on to do a tremen- 
dous job. The war work assigned to our company re- 
quired the expansion of our present facilities and 
the erection of two new plants. This was handled 
under the planning and superintendence of our 
Works Engineering Department. After the war, of 
course, we were faced with the many problems con- 
nected with the getting back into commercial pro- 
duction, and the Works Engineering Department had 
its share of these problems. 


CONCLUSION 


This then is a sort of rambling story of my con- 
nection with foundry plant engineering and | 
should like to conclude with the following remarks: 

It has been a wonderfully satisfying and pleasing 
experience to watch the development of the foundry 
industry during these 50 years. 
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1 am happy to note the wide acceptance among 
foundry companies of the idea of the “plant engi- 
neer,”’ and to see this additional field of work which 
has been opened to engineers. 


I am particularly pleased to note the fine work 
being accomplished by the Foundry Educational Foun- 
dation in interesting college students to study the 
cast metals industry, and, thus, provide a supply of 
educated men to fill important places in our in- 
dustry. 


Last but by no means least, I must congratulate 
the American Foundrymen’s Society for the fine work 
it is doing for the industry through its Headquar- 
ters Office, Chapter Organization, officers, commit- 
tee members, paper authors and others, It is con- 
stantly supplying its members and the industry with 
valuable information, and telling the world at large 
the importance of the foundry industry. 





DUCTILE IRON PRODUCTION IN 
BASIC DIRECT-ARC FURNACE 


By C. R. Isleib 


ABSTRACT 


Addition alloy cost savings, less reladling and a 
reduced tendency toward drossing are advantages 
gained by using a basic-lined direct-arc electric furnace 
for the production of ductile iron. The use of a basic 
desulfurizing slag during meltdown upgrades the base 
iron and preconditions it for the making of ductile iron 
at low magnesium residuals. 


INTRODUCTION 


Electric melting furnaces are used in many found- 
ries today, with well-known advantages. They are be- 
coming a part of more and more shops, either alone 
or as part of a duplexing operation. They steadily 
become more attractive costwise as electricity tends 
to become a comparatively cheaper source of power 
for melting. Atomic power generated electricity may 
encourage this tendency in the future. 

The electric furnace can melt any kind of a scrap 
charge. The holding time in the furnace, and the 
temperatures attained, can be varied at the will of 
the operator. A basic-lined direct-arc electric furnace 
can operate with a great variety of oxidizing or re 
ducing slags. 

The production of spheroidal graphite magnesium 
containing iron, commonly known as ductile iron, 
first of all requires almost complete desulfurization of 
the base iron melt. This is done either before the 
magnesium addition or as part of the magnesium 
addition. It can be done through the use of slags. 

In basic electric steel practice, slags have been used 
for over 40 years for both oxidation and reduction of 
undesirable impurities. Generally, elements other 
than sulfur are first oxidized with a lime-iron oxide 
slag. Then the steel is desulfurized and deoxidized 
under a reducing lime-fluorspar slag. 

The first published work on refining iron in a 
basic electric furnace, and then treating it to produce 
ductile iron, is that of Hignett.! Hignett desulfurized 
a molten iron bath by using a lime slag, plunged 
0.2 per cent calcium metal into the desulfurized bath, 
and then treated the iron by adding magnesium and 
postinoculated it with ferrosilicon. At 0.026 per cent 
residual magnesium and over, a fully spheroidal 
structure resulted. These heats were on a small lab- 
oratory scale. These results were confirmed and com 
mercial possibilities suggested by three tests in 1952, 
using a larger direct-arc furnace. 

Fully spheroidal irons were produced at about 
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0.024 per cent magnesium. Further work was needed 
to define some of the reaction rates, limits of compo 
sition and properties of the product. 

Since 1941 there has been much basic investigation 
of the principles of desulfurization of iron and steel, 
a great deal of it by Chipman and associates.2, Com 
plete and rapid desulfurization has been found to de 
pend upon the basicity of the slag and the effective 
ness of the slag-metal contact, and also upon the 
slag temperature and the oxygen potential of the 
slag in those furnaces operating under reducing con 
ditions. Slag basicity in blast furnaces and electric 
furnaces is sometimes measured by adding the molar 
concentrations of the basic oxides, calcium oxide 
(CaO) and magnesium oxide (MgQ), and subtract 
ing from this the molar concentrations of the acid 
compounds. 

A slag’s oxygen potential is a measure of its iron 
oxide (FeO) content. Further, investigators have 
shown that additions of silicon dioxide (SiO,) o1 
manganese oxide (MnQ) to slag interfere with the 
desulfurization reaction. 

Sulfur in steels usually is not required to be 
brought below 0.02 per cent, but for making ductile 
iron lower sulfur content is desirable. A low sulfur 
base iron is in the best condition to react to a mini 
mum magnesium addition 

Chipman explains that the basic desulfurizing re 
action in a reducing furnace is 


CaO (in slag) + S (in metal) + © (in slag) CaS (in 
slag) + CO (gas) 

At equilibrium the minimum “S (in metal)” is theo 
retically 0.001 per cent. This served as a theoretical 


target for desulfurization 


EQUIPMENT AND PROCEDURE 


The furnace used in this work is a_ basic-lined 
three-phase, direct-arc furnace. It has a rammed 
magnesite bottom, magnesite brick sidewalls and a top 
of mullite shapes. It is capable of melting up to a 
750-Ib charge. Preheating for about 50 min by arcing 
onto crossed electrode ends in the bottom of the 
furnace preceded each heat. A few pounds of slag 
materials were used around the electrodes during 
the beginning of the heat to encourage a smooth 
meltdown. As the metal pool increased, more slag 
was added. The aim was to have a maximum pro 
portion of lime with just enough fluorspar to make 
the slag workable, so that it would cover the bath 


surface to a depth of about | in 
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This encouraged a high slag basicity. A late graph- 
ite addition was made to insure a carbidic slag 
low in iron oxide (FeO). Silica in the form of 
foundry sand adhering to charged metal was avoided. 
The furnace lining and the charges were dry, and 
the charging door was kept closed as much as _ possi- 
ble. These precautions were meant to eliminate 
oxygen and hydrogen as far as possible. 

The calcined (“burned”) lime and fluorspar used 
in these heats had the analyses listed in Table 1. 

All furnace charges analyzed less than 0.005 per 


Cold charges melted under this high calcium 
oxide lime-spar slag were desulfurized at 0.005 per 
cent sulfur or lower by the time they reached 2850 F. 
This was considered near the practical limit of de- 
sulfurization. 

After the first three heats, an addition of graphite 
was made to the slag after meltdown. This was to 
insure the reducing conditions necessary for optimum 
desulfurization. After such an addition, quenched 
slag samples had a white-gray color and carbidic 
sme]l. This was used as an operating test. 


Desulfurization of an already molten charge is also 
simple and quite fast. For example, the rate of de- 
sulfurization of a hot metal charge from about 0.024 
per cent sulfur down to 0.004 per cent, is plotted in 
Fig. 1. A 250-lb cold charge had been melted down 
under 28 lb of lime-spar slag. A specimen taken for 
temperature and chemical analysis measured 3000 F, 
and analyzed 0.004 per cent sulfur. An addition of 
a 500 Ib cupola tap measuring 2550 F, and analyzing 
0.038 per cent sulfur, brought the total melt to 
0.024 per cent sulfur and somewhat below 2600 F. 


cent magnesium, and about 0.035 per cent titanium. 


RESULTS 


Table 2 is a summary of 11 experimental basic 
direct-arc furnace heats made, and the properties of 
the ductile irons produced. 


Desulfurization in the Furnace 

Desulfurization of iron in a direct-arc electric 
furnace was simple. It involved little more melt time 
or work than necessary for an ordinary meltdown 
at the level of 0.02-0.05 per cent sulfur being charged. 
Slag equal to 3 to 4 per cent of the metal weight 024 
made a l4-in. to | in, thick layer of fairly foamy, 
fluid slag at 2800 to 2900 F. A ratio of 2 lime to 020 
| fluorspar, all sized below 14-in. mesh, was used. 
Six to 8 lb of the mix were used to help at the 
start of the meltdown. When about 2850 F was 
reached, a small amount of lime or fluorspar was 
used to bring the slag to the proper consistency. 


a O16 
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Sulfur in iron 


TABLE 1 — SLAG MATERIALS ANALYSES 


Chemical 
Analysis, 





So 
°o 
5 


Dolomitic 
Burned 


Lime 1 1 
—_— - -—— ——_____—— ~ r@) 10 20 30 
CaO B85 7.3 Time under basic siag - minutes 
MgO 13 38.3 


S 0.037 0.034 0.4 (as SOz) 


Burned 
Lime 








Fluorspar 


Fig. 1— Rate of desulfurization of hot metal charge 
(heat 5) in the basic electric furnace. 





TABLE 2 — PROPERTIES OF SOME IRONS MELTED IN THE DIRECT-ARC ELECTRIC 
FURNACE UNDER BASIC SLAGS 





Graphite 
: in lin 
Physical Properties DKB 
rs, psi E,% Bhn Sph.,% 
105,500 9 241 90 
100,000 914 237 92 
113,250 ¢ 259 85 
68,200 2 215 80 
72,000 fg 281 60 


75,000 4 228 85 


Postinocula- 
tion Alloy 


Addition ———__- 
Method i of Si Mn Ni Mg 


on bath 20 (4) (1.5) 0,023 
on bath 20 (4) (1.5) 0.021 
on bath 20 (04) (1.5) 0.0382 0.5% nisiloy 
on bath 20 (4) (1.5) 0016 0.5% nisiloy 


on bath 20 (4) (1.5) (0.018) 0.5% nisiloy 


Mg Treatment Chemical Content, %, 


Heat Pre-magnesium 
No. Treatment 


l None 


Alloy wy? 

Ni-Mg 0.38 
Ni-Mg 0.30 
Ni-Mg 0.30 
Ni-Mg 0.30 
Ni-Mg 0.30 


MgFeSi 3.34 
Ni-Mg 0.65 








0.5% nisiloy 
0.5% nisiloy 


None on bath (20) (04) (1.5) 0.019 0.5% nisiloy 


0.029 71,900 fy 181 90 
60,750 
74,500 f 5 90 
67,200 


47,400 


None tap onto 2.11 (0.2) (1.5) 0.75%, Feg;Si 


MeFeSi 1.0 taponto —- 3.6 2.84 (0.2) (1.5) 0.031 0.75% Feg;Si 
CaSi+CaC 
Deoxidation 


MgFeSi 1.24 taponto 3: A5 (0.4) 0.013 0.6% Feg;Si 


MgFeSi 1.61 
Ni-Mg 1.13 


tap onto $. (0.4) 0.014 0.6% Feg;Si 69,250 


CaSi+CaC 0.6%, Feg;Si 
Deoxidation 


on bath (0.4) 0.049 106,500 


Measuring Burnout , (0.4) 
Measuring Burnout 2.2) (0.4) 
MgFeSi 4 
MegFeSi 2.2 
MgFeSi 2.2 


0.040 
0.023 


0.6% Feg;Si 
0.6% Feg;Si 


0.051 0.5% Feg:Si 


93,200 5 229 
93,400 4 269 


107,700 fo 293 
111,250 
102,600 


CaSi Deoxidation tap onto 


CaSi Deoxidation lap onto 0.058 0.5% Feg;Si 


CaSi Deoxidation tap onto 0.084 0.5% Feg;Si 
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By the time 2650F was reached, desulfurization 
had progressed to 0.006 per cent. Since desulfurization 
does proceed faster at high temperatures, if the 
cupola metal had been hotter it is probable that the 
desulfurization in the electric furnace would be even 
quicker. 


Base Irons Upgrading 

Late additions of calcium silicon rabbled into the 
slag-covered heats, without any magnesium alloy 
addition, produced upgraded irons with tensile 
strengths up to 63,200 psi. This upgrading occurs 
because the late addition introduces small amounts 
of calcium and magnesium into the iron, partially 
spheroidizing the graphite. The log of one such heat 
is shown in Fig. 2. Late additions of calcium silicon 
were rabbled into the slag covered heats in all ex- 
cept the first four melts. These upgrading furnace 
treatments were done at practical working tempera 
tures, below 2900 F. 

Calcium carbide was also used as a furnace slag 
addition, but the evidence in Figs. 2 and 3 points to 
the calcium silicon as being a more effective agent 
in the pretreatment. 

Besides upgrading the base irons, the late addi 
tions of calcium silicon to the desulfurized melts 
before magnesium treatment resulted in a more 
nearly fully spheroidal graphite ductile iron at lower 
magnesium residuals than without such an addi 
tion. Figure 7 shows that those heats having had a 
late calcium silicon addition before magnesium treat 
ment, and then treated to between 0.01 per cent 
and 0.02 per cent residual magnesium, were con 
sistently better in structure than those heats not 
having a calcium silicon slag addition. 


Dolomitic Lime Slags Use 

Iron melted under a dolomitic (high magnesium 
oxide) lime slag had a greater tendency toward a 
spheroidal graphite structure before magnesium 
treatment than iron melted under a high calcium 
oxide lime slag. Figure 3 is the log of a dolomiti« 
lime heat and can be compared with Fig. 2, a heat 
under a high calcium oxide lime slag. Reports had 
been received of a completely spheroidal graphite iron 
having been made in Europe under a dolomitic lime 
slag simply by reducing into the iron some of the 
magnesium in the slag. Under the dolomitic slag 
more magnesium and calcium were found in _ the 
iron, and the iron contained more graphite in spher 
oidal form. 


Magnesium Treatment Within the Furnace 

After desulfurization, a small furnace addition of 
magnesium is sufficient to produce good quality 
ductile iron. Addition of 4 per cent of nickel 
15 per cent magnesium alloy to a cleared spot on 
the bath’s surface is adequate. Ferrosilicon post- 
inoculation is done on tapout. 

Furnace addition trials were made with the alloy 
wrapped in nickel foil, this package being tied on a 
steel rod and plunged beneath the bath’s surface, 
thrown directly on the slag blanket or thrown onto 
a cleared space on the metal bath surface. The 
third method was little trouble and most practical 
Magnesium ferrosilicon gave poor magnesium re 
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covery when used as a furnace addition (below 10 
per cent in all trials). 

Figure 4 shows the magnesium recovery to be ex 
pected at various addition temperatures. For con 
sistent recovery, bath temperature must be ascer 
tained before treatment. This can be done by an 
immersion couple, or an optical reading during the 
tapping of a small ladle of iron. A reliable optical 
reading cannot be obtained directly in the furnace 

After the magnesium treatment the metal is 
tapped at about 2750 F, and a_ postinoculant is 
added to the tapping stream. Assuming the addi 
tion was 14 per cent of nickel-15 per cent magnesium 
alloy at 2750 F, the ductile iron then contains about 
0.025 per cent magnesium, has littl tendency to 
form dross and is at a good casting temperature 

Magnesium burns out of the iron in the furnace 
at a moderate rate provided the holding temperature 
is not too high and no arc is used. Holding at 2700 f 
about 0.00] per cent magnesium burns out per min 
at 2800 F about 0.002 per cent per min. Figure 5 
shows an average burnout rate over a= range. of 
temperature with the power off. If treated iron has to 
be held in the furnace for an extended time, booster 
additions of the magnesium alloy can be made to 
make up for the predictable burnout 
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3500 2600 2700 2800 
Temperature ~— F 

Fig. 4 Magnesium recovery in the basic direct-arc 

furnace process. 


Despite the degree to which these heats are pre 
conditioned for magnesium treatment, they did not 
accept a raw magnesium metal addition with any 
composure, “Trials were made during heat 8, plung 
ing about 0.14 per cent bar magnesium into the melt 
in the furnace of 2750 F. Magnesium recovery was 
under 5 per cent, 


Magnesium Treatment on Tapout 
After desulfurization a small magnesium addi 
tion to the tapout stream will also produce good 


quality ductile iron. This addition can be made 


ata higher temperature because of the greater mag 
nesium recovery effected this way, as compared 
with an addition to the furnace. Figure 4 shows ex 
pected magnesium recoveries at various ladle treat 
ment temperatures. “Treatment temperatures must 
again be ascertained by an immersion couple or a 
small base tap. Any of the usual proprietary addi 
tion alloys are suitable, provided they give sufficient 
magnesium recovery at the desired addition tempera- 
ture. 


Residual Magnesium Content 

The graphite in these refined irons becomes well 
spheroidized at unusually low magnesium residuals. 
Several typical structures at) progressively greater 
magnesium residuals are shown in Figs. 6a-6c, Figure 
residual magnesium — graphite 
spheroidization relationship for all the irons (only 
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well-inoculated irons are considered in this relation 
ship). The threshold value over which predominant 
ly spheroidal graphite ductile irons were produced 
was about 0.021 per cent magnesium. 

Aiming for 0.025 per cent residual magnesium, 
instead of a usual 0.055 per cent, producers equipped 
with basic electric melting units can cut magnesium 
alloy costs in half. Furthermore, because the pro 
ducer would be treating a completely desulfurized 
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iron, he would not need to add any magnesium al- 
loy for desulfurization. This means further sub- 
stantial savings. 


Dross in Castings 

The incidence of dross (cope-surface defect) is 
greatly lessened in low-magnesium ductile irons. The 
casting shown in Fig. 8 is used at the authors 
company’s laboratory to measure dross in ductile 
irons. The three horizontal projecting shelves are 
broken off, and a %4,-in. transparent grid is placed 
on the fracture. The total number of grid open- 
ings through which dross can be seen is counted, and 
the sum of the counts for the three shelves averaged. 
An average dross count of 270 is read when one of 
these standardized 0.07 per cent magnesium castings 
is poured starting with an 0.04 per cent sulfur charge 
in a neutral electric furnace. Figure 9 shows a mod- 
erately drossy fracture. 

Compared with that average dross count, basic- 
melted irons show less than 15 per cent as much 
dross at magnesium levels below 0.04 per cent. Sev- 
eral tests are shown in Fig. 10. 


MECHANICAL PROPERTIES 


Tensile Properties 

The tensile properties of refined low-magnesium 
ductile irons in the 0.02 to 0.03 per cent mag- 
nesium range are excellent. Table 2 lists a number 
of fully treated bars of varying analyses. The prop- 
erties of these bars, ranging from 113,250 psi ulti- 
mate tensile strength and 9 per cent elongation with 
a pearlitic structure to 60,750 psi ultimate tensile 
strength and 26 per cent elongation with a ferritic 
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Fig. 5— Burnout rate of magnesium in iron under a 
basic slag in the direct-arc electric furnace. 


2850 





Fig. 6a — 47,000 psi tensile strength. 
0 per cent elongation. 
0.013 per cent magnesium. 


Fig. 6b - 


Figs. 6a-6c - 
low magnesium irons as-cast 


structure, compare favorably with average ductile 
iron tensile properties, Fig. 11. 

Tests of several irons in the 0.01 to 0.02 per cent 
magnesium range are also included in Table 2. 
irons contained less flake graphite, and 
their tensile properties do not match those of the 


fully spheroidal graphite iron with higher magnesium 


These 


more ol 


residuals. 

The average ductile iron property range, 
in Fig. Il, has been useful in judging quality of 
pearlitic-ferritic ductile irons. It was developed by 
a statistical study of the tensile properties of 112 one 
in. ductile iron keel bars containing 90 per cent o1 
The range chemical 
analyses included among these irons is: 3.4 to 3.9 per 
cent total carbon; 1.54 to 3.49 per cent silicon; 0.04 
to 0.58 per cent manganese; 0.013 to 0.12 per cent 
phosphorus; 0.07 to 1.96 per cent nickel; aad 0.021 
to 0.13 per cent magnesium. 


shown 


more spheroidal graphite. of 


Hardness 
The chilling propensity of 
furnace ductile 


these low-magnesium 
than that 
of any other ductile irons similarly inoculated. In 
measurements of 1%, YY, Y and I-in. 
sections, an approximately comparable residual mag 
nesium and carbon equivalent were made. They fail 
to show the basic than 


indirect arc furnace irons melted in a neutral furnace. 


CONCLUSIONS 


1) Ductile iron can be consistently produced at 0.02 
to 0.03 per cent residual magnesium using the 
basic-lined direct-arc furnace for melting. Deoxidiz 
ing the base metal by a late calcium-silicon addi 
tion before magnesium treatment assures a_ large 


basic irons seems no_ less 


of hardness 


furnace iron to be any softer 


proportion of spheroidal graphite in the 0.01 to 
0.02 per cent residual magnesium range. 
2) This process offers magnesium alloy savings of 
25 to 75 per cent for a ductile iron producer 
equipped with a direct-arc furnace. 
3) Ductile irons so produced exhibit 80 to 100 per 
cent tendency than indirect are 
furnace irons. The irons have good graphite struc 


less drossing 


tures and good physical properties. 
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68,200 psi tensile strength. 
2 per cent elongation 
0.016 per cent magnesium. 


100,000 
9% per cent elongation 


psi ten str 


0.021 per cent magnesium 


(left to right) Graphite structures of basic melted 
in. 
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Fig. 10 Dross in ductile iron melted in the basic 
direct-arc electric furnace. 


Desulfurization of the melt to 0.005 per cent 
sulfur is accomplished under the basic slag by the 
time the cold charge has been brought to tapping 
temperature. Desulfurization of hot metal 
charges is also practical. 
A | per cent to 3 per cent addition of calcium 
silicon and calcium carbide to the melt covered 
with a lime-fluorspar slag encourages introduction 
of up to 0.016 per cent calcium into the iron. 
This results in 15 per cent of the graphite in 
the base iron becoming spheroidal without further 
treatment. Improved physical properties accom- 
pany this change in structure. 
Desulfurization with a dolomitic slag, followed 
by the late calcium silicon-calcium carbide slag 
addition, results in up to 0.028 per cent calcium 
in the iron and up to 50 per cent graphite spher- 
oidization without further treatment. 
Magnesium treatment of the desulfurized base 
iron can be accomplished entirely within the fur- 
nace. Ductile iron with 0.025 per cent residual 
magnesium is made by rabbling 14 per cent nickel- 
15 per cent magnesium alloy into this bath at 
2750 F. Magnesium burnout from the treated 
iron in the furnace varies from about 0.001 per 
cent magnesium lost per min at 2710 F to about 
0.002 per cent lost per min at 2780 F. Postinocula- 
tion of the treated iron can be done in the ladle 
during tapping. 

8) Magnesium treatment of the desulfurized iron can 
be accomplished on tapout. Tapping onto 14 per 
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Fig. 9 — Fracture of 
dross test casting shelf 
showing moderate 
amount of dross. 14% *. 
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Fig. 11— Tensile strength vs. elongation relationship 
of pearlitic-ferritic ductile irons. 


cent nickel-15 per cent magnesium alloy at 2800 F 
results in an iron with about 0.025 per cent mag- 
nesium residual. Postinoculation is done on re 
ladling. 

9) A tensile strength-elongation relationship for good 
ductile irons was developed statistically, and was 
used to judge the irons produced in this investi- 
gation. 
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A HYPEREUTECTIC 
ALUMINUM-SILICON ALLOY 


By Rolf Kissling and Oldrich Tichy 


ABSTRACT 


Hypereutectic aluminum-silicon alloys have been im- 
proved through intensive research. Because of their low 
coefficient of thermal expansion, high hardness and ex- 
cellent wear resistance, their potential was recognized 
early in their development. 

One of the commercial hypereutectic aluminum-sili- 
con alloys is analyzed, giving its structure and various 
properties, as well as foundry characteristics. 

Mechanical properties, physical properties (includ- 
ing thermal conductivity, thermal expansion and di- 
mensional stability) and some of the applications of 
this alloy are given. 


DEVELOPMENT 


Aluminum-silicon alloys gained little industrial im- 
portance until Pacz in 1921 patented the first process 
to modify the coarse eutectic silicon crystals, thereby 
improving the mechanical properties considerably. 
But the sodium modification of Pacz and his succes- 
sors does not work with hypereutectic alloys, i.e., 
does not modify the coarse primary silicon crystals, 
the main disadvantage of these alloys. During the 
1920's research therefore was concentrated mainly on 
eutectic and hypoeutectic alloys with continuing im- 
provement in properties through alloying additions. 

Nevertheless, based on their low coefficient of ther- 
mal expansion, their high hardness and excellent 
wear resistance, the potentials of the hypereutectic 
alloys were recognized and a number of patents ap- 
peared, each one with additions intended to refine 
the primary silicon and improve the properties. But 
additions such as copper, cobalt, antimony, chromi 
um, nickel, titanium and vanadium merely strength- 
ened the matrix, or acted as grain refiners at the 
most, without affecting the size and number of the 
primary silicon crystals. Machining still was extremely 
difficult, and interest in these alloys therefore faded 
while the foundry industry concentrated on the heat- 
treatable near-eutectic alloys. 

During World War II, with its shortage of certain 
alloying elements, interest in the hypereutectic alu 
minum-silicon compositions again developed, partic 
ularly in Europe. Renewed research led to improved 
alloys, especially in the silicon range 18-35 per cent 
with a preferred content in the neighborhood of 2] 
per cent silicon. The researchers found limited use 
for pistons and small internal combustion engines, 
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but machinability even with the newly developed 
carbide tools still left much to be desired. 
Although the addition of phosphorus to hypereu 
tectic aluminum-silicon alloys had been patented as 
far back as 1933,! it was not until the early 1950's 
that European workers?:3.4.5,6,7,8 developed an effec 
tive method of refining the hypereutectic silicon with 
phosphorus to improve machinability, and thereby 
opened up a field of applications for these alloys 


STRUCTURE 


One hypereutectic alloy with a silicon content of 
about 21 per cent, is a commercial alloy (U.S. Patents 
2357 449, 2357 450, 2357 451, 2357 452) of the fol 
lowing nominal composition 

Mg % Mn “% Cu % J 
0.7 0.5 : 1.6 0.4 

The structure of this alloy shows primary silicon 
crystals surrounded by a complex, nonmodified eu 
tectic. Magnesium and copper, through the formation 
of magnesium silicide and aluminum-copper-magne 
sium compounds, provide the desired heat treata 
bility. Silicon, although soluble to the extent of about 
1.6 per cent at the eutectic temperature and less than 
0.1 per cent at room temperature, does not contrib 
ute noticeably to the heat treatment response. Copper 
in solid solution improves the dynamic properties, 
while manganese and nickel contribute to better 
strength at elevated temperatures. 


Ihe iron content is controlled by the use of special 
high-grade silicon with low iron developed in the 
authors’ company. Since the liquidus temperature of 
a 21 per cent silicon alloy is appreciably higher than 
that of most commercial alloys, and the high latent 
heat of silicon also tends to slow down the rate of 
solidification, grain refiners are added to the alloy 


REFINEMENT 


The main difficulty with the early hypereutectic 
alloys consisted in their coarse primary silicon crystals 
which, due to their lower specific gravity tended to 
segregate and their large size ruined the machining 
tools. Various modifying compounds were known to 
influence the silicon, and in the early 1930's it was 
found in eutectic’ and hypereutectic alloys! that 
small amounts of phosphorus break up and trans 
form the lamellar silicon into a polyhedral form 
The effect probably is due to the presence of nuclei 
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Fig. 1 — Microstructure of a hypereutectic alloy con- 


taining 21 per cent silicon and 0 per cent phosphorus. 
100 x 


and, like the sodium modification mechanism, is con- 


troversial. 

The most important feature of the modified alloys 
is the marked increase in the dispersion of silicon. 
The phosphorus probably has a twofold effect: 


1) It changes the crystal habit of the silicon. 
2) It acts as a nucleating agent for the primary sili- 

con. 
But it seems that consistent results were difficult to 
obtain in commercial practice until it was found that 
the size® of the refining salts apparently plays an im- 
portant role, and that sodium on the other hand tends 
to counteract the phosphorus effect.5.6 

Care should be taken, therefore, that phosphorus- 
modified alloys are not contaminated with sodium in 
the foundry, for instance through sodium-containing 
fluxes of fluorides or carbonates. Unlike the sodium 
modification which disappears rapidly, the phos- 
phorus refinement carries over into the remelts, 
possibly as much as three or four times, which is of 
great advantage to the foundryman. Chlorine can be 
used on the melts for cleansing without detrimental 
effects on the phosphorus modification; in fact 
chlorine is recommended for better results.7-% 

Figure | shows a hypereutectic alloy containing 21 
per cent silicon without phosphorus. The primary sili- 
con is in the characteristic large form. An addition of 
0.01 per cent phosphorus (Fig. 2) breaks up the 
coarse particles into smaller more rounded ones with- 
out affecting the eutectic structure. 


FOUNDRY CHARACTERISTICS 


The fluidity of aluminum-silicon alloys increases 
with increasing silicon content. At 20 per cent silicon 
the curve starts to flatten out and seems to reach a 
maximum around 21 per cent silicon.!! Since the 
cooling curve shows a primary arrest at approxi- 
mately 1280 F which is unaffected by the phosphorus 
addition, the pouring temperature therefore must be 
higher than for most commercial alloys—1400-1450 F 
for sand and permanent molds, and 1300-1350 F for 
diecasting 


68 - modern castings 


Fig. 2 — Microstructure of a hypereutectic alloy con- 
taining 21 per cent silicon and 0.01 per cent phospho- 
rus. 100 X. 


Hypereutectic alloys will have a slight tendency to 
hot-shortness of the same order as the commercial hy- 
poeutectic alloys, hot-shortness being a function of 
the solidification interval. Feeding characteristics on 
the other hand are poor, due to the wide solidification 
interval and the corresponding mushy condition. Like 
any other alloy with a solidification interval and a 
primary crystallization, the hypereutectic alloys exhi- 
bit a certain amount of microshrinkage. 

Therefore, feeding distances must be kept short and 
wide, but short risers should be used instead of the 
narrow and long risers used with eutectic aluminum- 
silicon alloys. Linear shrinkage is smaller than for 
most commercial aluminum alloys, of the order of 1.1 
per cent. 


MECHANICAL PROPERTIES 

The mechanical properties of the hypereutectic 
aluminum-silicon alloys depend strongly on the sili 
con content, Figure 3 shows the decrease in tensile 
strength with increasing silicon content. The nominal 
composition of the previously mentioned alloy given 
earlier is a compromise between low coefficient of ex- 
pansion and high mechanical properties. For the in- 
tended special applications, the coefficient of ther- 
mal expansion and the wear resistance are of more 
importance than high mechanical properties. Table | 
gives the results obtained with separately cast test 
bars of a commercial heat of the composition: 

Mg% Mn™% Si% Cu% Fe% Ni% P °% 

0.77 0.58 20.30 166 065 0.37 0.01 (added) 

Due to the slow cooling in sand castings, the hard- 
ening constituents precipitate in relatively large par- 
ticles with only a small amount retained in solid solu- 
tion, and therefore the response of mechanical prop- 
erties to an aging heat treatment is small. Permanent 
mold and die castings on the other hand show a 
definite increase. A solution heat treatment followed 
by a hot water quench and subsequent aging will 
give further improvement (Fig. 3). 

Up to 400 F (Fig. 4) the influence of temperature 
is small, and at about 500 F the strength of the hyper 
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Fig. 3 — Silicon effect on tensile strength of aluminum- 
silicon alloys. Chill cast. 


eutectic alloy compares favorably with that of forged 
A.S.T.M. CN 42 A (27,500 psi)? and chill cast 
A.S.T.M. SC 103A (23,000 psi)?% alloy. The testing 
of mechanical properties after | hr at temperature 
seems to fairly measure the temperature effect. 
Longer times at temperature had almost no further 
effect on these properties, as illustrated in Fig. 5. 

Short time elevated temperature properties are 
given in Table 2. 


PHYSICAL PROPERTIES 
Thermal Conductivity 


The thermal conductivity of aluminum increases 
with increasing temperature. This is in contrast with 
ferrous metals where increasing temperature reduces 
the thermal conductivity. Alloying elements which 
form solid solutions with aluminum reduce its ther- 
mal conductivity. Silicon being only slightly soluble 
does not markedly affect the conductivity of the ma- 
trix. Since the thermal conductivity of this matrix in 
a solution heat treated condition is noticeably lower 
because of the larger amounts of dissolved elements, 
a heterogenous, i.e., completely precipitated struc- 
ture is preferable from the viewpoint of thermal 
conductivity. 

A chill cast specimen has a higher thermal con- 
ductivity than a sand cast one due to the finer and 
denser structure, and the modified alloy shows a 
slight advantage over the nonmodified. In the modi- 
fied state the casting method, sand or chill cast, has 
little effect on thermal conductivity.12 Typical re- 
sults reported from various sources are shown in 
Table 3. 


Thermal Expansion 

The hypereutectic aluminum-silicon alloys have the 
lowest coefficient of thermal expansion of known alu 
minum alloys, which makes them ideally suited for 
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TABLE 1 — MECHANICAL PROPERTIES AT ROOM 
TEMPERATURE* (AVE. OF 12 BARS TESTED) 
Tensile Brinell 
Strength, . Hardness 
Item Temper psi HB 





> As-Cast _ 21,700 76 
5 400F for & hr 22 600 90 
Chill Cast As-Cast 25,100 87 





Sand Cast - 


100 F for & hr 32,000 102 
960 F for 6 hi 

Hot Water Quench—400 F 

for & hi 

Die Cast As-Cast 

*Elongations 0-1 per cent 
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Fig. 4 — Elevated 
strength. Mechanical properties tested after 1 hr at 
temperature. Chill cast 
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Fig. 5 Length of time at elevated temperatures ef 
fect on elongation and tensile strength. Chill cast 
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TABLE 2 — SHORT TIME ELEVATED 
TEMPERATURE PROPERTIES 
(Chill Cast: 1 hr at temperature. Ave. of six bars tested) 


TABLE 4— COEFFICIENT OF THERMAL EXPANSION: 
in./in./°F x 10-6 


, 


Composition, % Temperature, F 


r5 iianens - 7 ; Cu Mg Ni Mn 68-212 68-392 68-572 68-752 
400 F/8 hr 960 F/6H—-HWQ—400 F/8 hr 16 05 04 05 119 123 129 139 
Temp., Tensile Strength, Elong., Tensile Strength, Elong., 9. 116 12.2 12.7 13.0 
F psi % psi % 114 1200 12.5: 12.8 
75 $2,000 0-1 38,200 0-1 11.2 j 12.1 12.4 
200 31,700 0-1 $7,800 0-1 10.3 . 11.6 11.9 
500 $0,900 1.0 35,200 0-1  B I 10.8 10.9 
100 27,800 1.0 31,600 0-1 9. A 10.7 11.0 
500 22,300 1.4 24,200 1.0 9. 9.! 9.8 10.0 
600 15,300 19 14,500 2.6 9. 9.4 9.7 9.9 


























TABLE 3 — THERMAL CONDUCTIVITIES: cal/sq cm/sec/cm/°C 


Composition, “ 75 F 200 F 400 F 
Mg Cu Ni (24 C) (93 C) (204 C) 
0.3 sand—T6 0.36 
chill—T6 0.38 
0.7 ' chill—F 0.25 
—T 0.27 
chill— 0.28 
sand— 0.20 
chill—T5 0.22 
0.5 chill — 0.337 0.350 13 
- 0.378 0.379 13 
0.3 chill— 0.354 0.365 13 
Pure aluminum 0.540 0.538 14 
Automotive cast iron 0.112 0.110 0.107 0.105 15 














such applications as pistons, cylinders, brake drums, 
etc. Silicon has the strongest effect in reducing the 
thermal expansion of the common alloying elements 
in the commercial ranges. The coefficients of thermal 
expansion for the range 68-392 F of various alumi- 
num-silicon alloys are tabulated in Table 4, and plot- 


of aluminum-silicon alloys containing 12 per cent, 2] 
per cent and 25 per cent silicon, are shown in Fig. 7. 
A similar curve for cast iron!5 is included for com- 
parison, 


Dimensional Stability 


ted as a function of the silicon content in Fig. 6. The 
linear relationship can be seen. 

Included also are the values for automotive cast 
iron (7.1 x 10-6 in./in./°F)15, and the formerly 
widely used A.S.T.M. CN 42 A alloy (12.6 x 10-6 in. 
in./°F).16 The coefficient of thermal expansion as 
a function of temperature in the ranges from 68-750 F 


Aluminum alloys, like most metallic alloys, have 
slightly different densities depending on the temper. 
The corresponding dimensional variations are com- 
monly called permanent growth, or simply growth. 
In aluminum alloys, growth is generally considered 
to be the result of a precipitation of alloying con- 
stituents from a supersaturated solution such as pro- 
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Fig. 6 — Silicon effect on the co- 
efficients of thermal expansion of 
aluminum-silicon alloys in the 
range of 68 — 392 F. Chill cast. 


CAST IRON 








10 IS 
SILICON 


70 + modern castings 





TABLE 5 — INFLUENCE OF AGING TEMPERATURE 
ON DIMENSIONAL CHANGES, CHILL CAST 





100 F 150 F 
in. x 10-3 in./in. x 10-8 








0.211 
0.146 0.314 
0.187 0.309 
0.217 0.314 
0.244 0.330 
0.261 0.359 
0.277 0.349 
0.291 0.361 
0.309 0.364 
0.350 0.377 
0.366 0.397 
0.361 0.396 
0.367 0.384 
0.369 0.369 
0.381 0.384 





TABLE 6 — TYPICAL VALUES OF TENSILE STRENGTH 

AND CORRESPONDING REMOVAL OF GROWTH, 
CHILL CAST 

lensile 


Strength 
ps! 





Growth 
Removed 
‘ 


As-Cast _ ~ 26,000 


960 F/6 hr Hot Water Quench 

500 F for 3 ht $5,000 
355 F for 12 hr 37,000 
100 F for & hi 38,000 
355 F for 12 hi 33,000 
100 F for & hr 30,000 
150 F for & hr 28.000 





duced by a solution heat treatment and subsequent 
quenching. It should vary, therefore, with the tem 
perature of reheating in the same manner as the solid 
solubility of the alloying elements concerned, 

The time to maximum growth is a_ logarithmic 
function of temperature, but does not coincide with 
that for maximum hardness. At slightly elevated tem 
peratures growth takes place so slowly as to be of no 
practical importance, while the upper limit of the re 
heating temperature is fixed by the necessity of get 
ting a high combination of mechanical properties. 
Since growth take place later in time than harden 
ing, maximum mechanical properties and complete 
freedom of growth cannot be obtained simultane 
ously. The heat treatment, therelore, is necessarily a 
compromise between an aging treatment and a de 
growthing treatment. 

However, it must be noted, that dimensional 
changes are not necessarily due to growth. Machin 
ing,-for example, can release internal stresses with 
an increase, in dimensions. An internal or service 
stress of 15,000 psi for instance, produces a dimen 
sional increase equivalent to the maximum growth of 
most commercial alloys. The same holds true for a 
thermal expansion due to a temperature rise of only 
100 F.17 

The hypereutectic aluminum-silicon alloy men 
tioned previously under “Mechanical Properties” ex 
hibits a freedom from growth unique among the 
usual piston alloys and other aluminum alloys of the 
copper-silicon type. ‘Typical values are shown in 


lable 5. 
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The permanent growth of this alloy is plotted 
against time at temperature (logarithmic scale) in 
Fig. 8. The effect of several heat treatments on the 
tensile strength and growth is illustrated in Table 6 
It can be seen that with a simple aging treatment 
the peak values probably should be obtained with 12 
hr at 355 F in commercial practice, while the com 
monly used heat treatmerit of 8 hr at 400 F or 4501 
leads to a slight over-aging 

However, considerably more stress relief and de- 
growthing takes place at these higher temperatures, 
which in many cases is of more importance than a 
slight loss in properties. 


APPLICATIONS 


The combination of low coefficient of thermal ex 
pansion and high wear resistance makes the hyper 
eutectic aluminum-silicon alloys particularly suitable 
for applications such as pistons, brakes,!" internal 
combustion engines, etc. Their use in small gas en 
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Fig. 7 Coefficients of thermal expansion as a fun 
tion of temperature in ranges of 68 750 F of alumni 
num-silicon alloys containing 12 per cent, 21 per cent 
and 25 per cent silicon. Chill cast 
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Fig. 8—Aging temperature effect on permanent growth 
of tested alloy plotted on logarithmic scale 
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gines was started some time ago, and the results point 


to excellent possibilities for automotive engines 
where early research and development work led to 
sand, semi-permanent mold and diecast engine blocks 
with wet or dry aluminum and cast-iron liners.?° 

The perfecting of the hypereutectic aluminum-sili- 
con alloys makes an all-aluminum engine look attrac- 
tive. The entire block can be cast in the previously 
mentioned alloy thereby eliminating the need for 
liners, or an aluminum block can be fitted with 
liners of this alloy. These liners will be either cast 
or extruded and forged. The use of the same material 
for the pistons is a natural consequence, since the 
necessary clearances can be greatly reduced. 

Ihe early difficulties with valve seats (experienced 
for example in aluminum heads for aircraft engines) 
have successfully been overcome in automotive blocks 
by the use of pressed-in seat rings made of special 
cast iron.21 Work is under way between foundries 
and automotive manufacturers, and the mutual ef- 
forts will undoubtedly lead to a wide use of alumi- 
num and its alloys in these products. 
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PROPER GATING 
THROUGH USE OF COBALT 60 


By A. J. Karam 


ABSTRACT 
Nondestructive testing by use of cobalt-60 radio- 
graphy has helped the author’s company improve the 
quality of their castings. The company makes a three- 
fold use of this type of inspection: 


1) To check new casting design before production 
begins. 
To design gating layouts to produce highest quality 
castings at lowest cost. 
To establish inspection standards. 


Examples of how cobalt-60 (gamma) radiological 
inspection has helped various castings produced in a 
proprietary pearlitic malleable iron are given. 


INTRODUCTION 


During recent years, the foundry industry has wit- 
nessed advancements which require improved casting 
techniques and better inspection media. One inspec- 
tion medium, Cobalt-60 radiography, enables the 
author’s company to provide customers with quality 
castings at reduced cost, and in a minimum of time. 

A proprietary pearlitic malleable iron makes cast- 
ings suitable for many applications which were 
formerly forgings, stampings and fabrications. When 
castings replace other materials in applications where 
soundness is a major consideration for satisfactory 
performance, it is especially important to utilize in 
spection methods which assure castings free from 
internal defects of any kind. 

The traditional method of inspecting castings for in 
ternal defects in the foundry was cutting, breaking 
(Fig. 1) and etching. This procedure not only de- 
stroyed the casting, but was time consuming and costly, 
without a guarantee that the presence of a defect 
would always be located. 

Shrinkage voids usually constitute the largest por 
tion of sub-surface defects in castings. Shrinkage in a 
casting is caused by the lack of sufficient liquid feed 
metal to make up for the contraction, which occurs 
during solidification from liquid to a solid form. 


FEEDER SIZE EFFECT 


The size of the reservoir or feeder containing the 
liquid feed metal affects the internal soundness of a 
casting. In Fig. 2 are three sectioned castings made 
with varying heights of feeders. At left is a sound, 
shrink-free casting. The center casting has an exten 
sive area of light internal shrinkage or porosity as in 
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dicated by the dark etch stained area on the casting 
Casting on the right has a severe internal shrink void 
at the top with a lighter area of porosity below it 
Figure 3 shows the same group of castings as they 
appear on a radiograph, On the lett is a sound cast 
ing, while the middle casting is an example of slight 
internal shrinkage as indicated by the dark spots and 
the right-hand casting shows severe internal shrinkage 
Ihe author’s company’s use of Cobalt 60 ts three 


fold: 


1) To check new casting designs before they are re 
leased for production 

2) To design gating layouts which will produce the 
best quality castings at the lowest possible cost 

3) To establish standards for inspection by other 
methods. 


COBALT 60 INSTALLATION 


The installation contains a 30-curie Cobalt-60 unit, 
housed in a special windowless building having poured 
The cobalt 
60 source, which is approximately the size of a pencil 


concrete walls three feet thick (Fig. 4) 
eraser, has the equivalent penetrating power of a 2 
million volt x-ray machine. The gamma radiation from 
cobalt 60 reacts on film similar to x-rays 


Gamma radiation must be respected at all times 
and properly controlled by trained personnel. It can 
not be turned on and off like an x-ray unit. Instead, 
it must be retracted into a lead housing which is ce 
signed to reduce the radiation to a safe level 


Precautions 

The control panel is located outside the exposure 
room behind an electrically interlocked door, and in 
conjunction with signal warning lights. A gamma 
survey meter (Fig. 5) is used to monitor the room 
after each exposure as a safety measure 

Film badges and pocket dosimeters (Fig. 6) are 
worn by personnel to detect the amount of radiation 


Fig. 1 Traditional method of inspecting castings for 
internal defects was by cutting (left), breaking (right) 
and etching 
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Fig. 4 Special housing for cobalt-60 unit, showing 
main features of installation. 


DARK ROOM 


exposure, On the right of Fig. 6 is shown a film 
badge which creates a permanent record of radiation 
dose (milliroentgens) received during a period of 
time, usually one week (A milliroentgen is a unit of 
radiation, It is a measure of the film darkening effect 
or possible damage to animal tissue). On the left of 
Fig. 6 is a pocket dosimeter which records accumu 


Fig. 5 A gamma survey meter is used to monitor the 
room after each exposure as a safety measure. 
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Figs. 2 and 3 Three sectioned 
castings made with varying 
heights of feeders (top), and as 
they appear on a_ radiograph 
(bottom). At left is a sound, 
shrink-free casting. The center 
casting has an extensive area of 
light internal shrinkage or poros- 
ity (dark areas). The casting on 
the right has a severe internal 
shrink void at the top with a 
lighter area of porosity below it. 


lated dose in mr (milliroentgens) of radiation. This 
instrument can be read at any time without waiting 
for a film badge report. 

Fhe cobalt source is housed in a small stainless 
steel capsule in the center of a 1000 Ib lead container 
(Fig. 7). It is moved to the exposure position by re 
mote control. Exposure time is decided by the strength 
and age of the cobalt source, type of film used, cast 
ing section size and distance from source to film. All 
developed radiographs are read on a high intensity 
viewer by personnel trained to interpret the film ac 
curately, 


DESIGN CHANGES 


Figure 8 shows how radiography was used in work 
on the elimination of one gate and feeder on a dif- 
ferential carrier. The first samples were made using 
three gates and feeders, two on the flanges and one 
on the tube as indicated, This tube gate is not a part 
of the mold, but is formed with a separate gate core. 

Figure 9 shows a cutaway view of the position of the 
gate core in relationship to the casting. This adds cost 
and extra operations to the making of the casting, 
which makes it desirable to eliminate the tube gate. 
In Fig. 10 is the radiograph of the casting made i 
this manner, showing slight shrinkage (circled area) in 
the tube gate area. This indicated that this feeder was 
not providing adequate feed. Many variations with 
two flange gates were tried until satisfactory castings 
were made, 

This was accomplished by a redesign of the part 
(Fig. 11), which added five ounces of metal to a thin 
section near one gate for effective feeding and the use 
of one chill in the tube area. This chill enabled the 
author’s company to equalize the cooling rate of this 
heavy, isolated tube section without the use of an 
additional feeder. These changes resulted a sound 
quality casting of improved design, as shown in Fig. 12 


Cobalt-60 radiography is also being used to lower 





costs by reducing the amount of waste metal in feeders 
and runners to produce a given casting. Uniform sec- 
tions and good design enable the foundryman to get 
the maximum number of good castings per mold with 
minimum amount of gating. 

Quality castings at lower cost is the ultimate goal 
of the foundry engineer, and is accomplished only by a 
series of methodical steps on each job. Development 
of a better gating layout is done step by step through 
a series of changes, and radiography shows the results 
brought about by each change 

A typical example of improving foundry practice 
through the use of cobalt-60 is a steering gear hous- 
ing casting which was gated in the same manner as 
many of the housings of this type. Figure 13 a radio- 
graph of this casting with its attached feeders. Note 
that the feeders marked 1, 2, 3 and 4 showed little 
internal shrinkage. This is a sign of excess feed metal 
(Note slag catcher marks on radiograph). 

It was decided to reduce the height of feeders 1, 2 
and 3 by 11% in., and through a design change to elim- 
inate feeder 4. A small amount of metal was added to 
the wall of the tube section to permit feeders 1, 2 and 
3 to feed this section through progressive solidification. 

These changes were too drastic, since shrinkage voids 
appeared in the vicinity of feeders 2 and 3, as marked 
(circled areas) in Fig. 14. Note that no shrinkage 
voids appeared in the vicinity of feeder |, indicating 
sufficient feed metal at this point. 

The volume of metal in feeders 2 and 3 was in 
creased by raising the feeders 14-in. in height (Fig. 15). 
This additional metal was sufficient to eliminate the 
shrinkage voids, and resulted in the sound casting 
This is an excellent example of how a small engineer- 
ing change supported by radiography eliminated the 
need for a feeder. 

Figure 16 shows a universal joint yoke that is made 
in the proprietary pearlitic malleable iron, with a sin 
gle gate and feeder on the tube of the casting. An en 
gineering change request by the customer reduced 
the wall thickness along the entire tube 4 ,-in. After 


this pattern change was completed, sample castings 


ag ES SLA EP 


Fig. 6 — Film badges and pocket dosimeters are worn 
by personnel to detect the amount of radiation ex- 
posure. The pocket dosimeter (left) records accumu- 
lated dose of radiation in milliroentgens. The film 
badge (right) creates a permanent record of radiation 
dose in milliroentgens received during a period of time 
(usually a week) 


Fig. 7 — The cobalt source is housed in a small stain- 
less steel capsule in the center of a 1000 lb lead con- 
tainer (left). It is moved to the exposure position by 
remote control. 


(Fig. 17) were checked radiographically, and shrink 
age voids were found in the yoke arm away from the 
gate (circled areas). The feeder was radiographed, and 
found to have sufficient feed metal. This indicated 
that the decreased section thickness of the tube was 
causing the shrinkage voids. The section thickness of 
the casting in this area was increased to permit ade 
quate feeding (Fig. 18). This was done to the insice 
diameter of the tube from the gate area to the yoke 
arm, and sound castings were produced using this 
gating. 

Figure 19 is a small gasoline engine crankshaft made 
in the pearlitic malleable iron with two gates and 


Fig. 8 Radiography was used in work on the elimi 
nation of one gate from this differential carrier 


PARTING 
LINE 


Fig. 9 Cutaway view of differential carrier shown in 
Fig. 8, indicating position of gate core in relationship to 
the casting 
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Fig. 13 — Radiograph of steering gear housing casting 
with its attached feeders. Little internal shrinkage is 
shown in feeders 1, 2, 3 and 4. This is a sign of ex- 
cess feed metal. Note slag catcher marks on radiograph. 


Fig. 10 Radiograph of casting (Fig. 8) with tube 
gate, showing (circled area) slight shrinkage in area of 
tube gate. This indicated that the feeder was not pro- 
viding adequate feed to the casting. 


rh 11 - pg oy a7 Fig. 8 which ca Fig. 14 — Elimination of feeder 4 proved too drastic, 
ele sag ‘4 sige h -m oye gee — gate for as shown in radiograph, since shrinkage voids appeared 
oe eeding and the use of one chill in the tube in the vicinity of feeders 2 and 3 (circled areas). 


Fig. 15 — Volume of metal in feeders 2 and 3 was in- 
creased by raising height 1-in. The additional metal 
was sufficient to eliminate shrinkage voids, and resulted 


Fig. 12 — Radiograph of redesigned casting in Fig. 11, 
in the sound casting. 


showing sound quality. 
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Fig. 16—Universal 
joint yoke with 
single gate and 
feeder on the tube 
of casting. 


feeders. This gating was considered necessary to pro- 


duce a sound casting because of the geometry of the 
part (Fig. 20). Also, a small tie bar was required be 
tween the two counterweights to prevent distortion 
during annealing. Because the gates were on a con 
toured surface removal by grinding was a costly time 
consuming operation. 


These gates could not be ground to an exact con- 
tour by hand, which presented the customer with 
problems in his machine shop by causing an inter- 
mittent cut during the turning operation on the shaft 
Also, the gates made the shafts difficult to straighten 
by pressing because of irregular die contact in pro 
cessing at the plant. An engineering change (Fig. 21) 
was made to determine the possibility of feeding the 
castings by combining the two gates in the form of an 
enlarged tie bar, which could be removed with a mill 
ing operation. 

Experimental castings made in this manner were sat 
isfactory (Fig. 22), and a pattern change was made to 
incorporate this into the production equipment 
These castings were processed by the customer with 
out the previous machining difficulties, and the au 
thor’s company was able to supply straighter crank- 
shafts because the elimination of the gates on the shaft 
diameters gave better contact in the straightening fix 
tures. These changes resulted in a cost reduction of 
2.3 per cent. 

The proprietary pearlitic malleable iron is being 
used as a replacement material in many instances 
where forgings had been used previously. One of these 
is an automotive connecting rod (Fig. 23) which was 
made experimentally using four gates and feeders to 
produce a sound casting. However, because of gate re 
moval problems and costs, it was necessary to improve 
the gating. Through the use of cobalt 60, these cast 
ings could be made with two gates and feeders 
(Fig. 24). 

The design of the casting in the bearing cap area 
was altered by increasing the section thickness between 
the balancing lug and the bolt bosses. This made it 
possible to obtain sufficient feed for the bolt boss areas 
with one feeder instead of the three previously used 


Fig. 19— Small gasoline engine 
crankshaft made with two gates 
and feeders of pearlitic malleable 
iron 


Fig. 17 — After a change in design which reduced wall 
thickness 44-in., sample casting showed shrinkage voids 
on radiograph in yoke arm away from gate (circled 
areas). 


Fig. 18 


16, 17) was increased in this area to permit adequate 


The section thickness of the casting (Figs 


feeding. This was done to the inside diameter of the 
tube from the gate area to the yoke arm, and sound 
castings were produced 


This small addition to metal to the casting gave a 
radiographically sound part (Fig. 25). These shell 
molded connecting rods have stood up under many 
tough fatigue tests, and are being tested in automo 
biles today 

Cobalt 60 is also an aid in setting up and controlling 
other forms of casting inspection. [It is a rapid method 
of determining the seriousness of a detect, and helps 
set up sound Inspection standards without destroying 
the part. For example, sonic frequencies are verified 
for a set control point by radiographing the castings 
and establishing standards for the process 

Another example of how this radiography is used at 
the author's company is shown in Fig. 26, which shows 


a group of cast crankshalts being set up in one of the 
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Fig. 20 — A small tie bar was re- 
quired between the two counter- 
weights to prevent distortion 
during annealing on crankshaft 
shown in Fig. 19. 


Fig. 21— An engineering change 
in casting (Fig. 19) was made in 
order to determine the possibility 
of feeding the casting by combin- 
ing the two gates in the form of 
an enlarged tie bar. 


Fig. 22 — Experimental casting 
made with enlarged tie bar (Fig 
21) was satisfactory. 


facilities. This is only one of the many products which 3) Radiography enables sound casting techniques 
are inspected by the means of cobalt-60 radiography. with a minimum of pilot casting trials. 

Also, the process broadens sales opportunities by 
aiding in enlarging the scope of casting application 
in industry. 


In summarizing, the major benefits of cobalt 60 
have been found to be: 


1) The assurance of internal soundness provides the 


: : The potential of this process is virtually unlimited. 
correct safety factor in gating. 


Cobalt-60 radiography substantially aids in the pro- 
2) The time element in development of a part is duction of castings of the highest quality at the low 


greatly reduced. est possible costs for the author's company’s customers 


Fig. 23—-An automotive connecting rod made experi- Fig. 24 Through use of cobalt 60, these castings 
mentally using four gates and feeders to produce a (Fig. 23) could be made with two gates and feeders, 
sound casting. through altering the design in the bearing cap area 


% 


Fig. 25— The additional metal added by increasing 
section thickness produced a radiographically sound Fig. 26 — Group of crankshafts being set up for radio- 
part. graphy. 
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STEEL CASTINGS FOR 


THE AIRCRAFT INDUSTRY 


By Y. J. Elizondo 


ABSTRACT 


The need for quality steel castings in the aircraft in- 
dustry is readily understood when the aircraft and 
missile design requirements are reviewed. The ex- 
periences of one aircraft company over the past three 
years are summarized to illustrate various reasons for 
success or failure of several steel casting designs. 

Most of the problems and troubles which exist today 
are not due to technical reasons, but are the direct 
result of misunderstandings existing between the two 
industries. Recommendations are made for eliminating 
or at least reducing this source of problems. 

In order to achieve optimum utilization of steel cast- 
ings in the aircraft industry, which is required to keep 
up with the state of the art, several improvements must 
be made in the foundry practices. In addition, tech- 
nological advances will also be required to keep up with 
the modern design requirements. Recommendations for 
achieving these goals are presented. 


INTRODUCTION 


For the past several years engineers at the author's 
company have tried to incorporate precision steel 
castings in both aircraft and missile designs. This ef 
fort, although initiated for economic reasons on the 
individual designs, was also supported by the knowl 
edge that steel castings would become essential for 
the support of future designs. This trend is readily 
evident from data in Fig. 1, which presents the num 
ber of steel castings used by the company on two gen 
eral types of designs. Although the actual number of 
castings will be a function of the design, the trends 
indicated are representative. It is worth noting that 
the discontinuity in the upper curve coincides with 
the above mentioned effort. 

It should also be noted that Fig. | represents only 
a portion of the total number of potential steel cast 
ing applications. Many potential applications re 
verted to other forms of fabrication when the steel 
casting supplier was unable to produce a part with 
the required performance. It will be the purpose of 
the following discussion to clarify some of the require 
ments which prevented the utilization of all the cast 
ing designs. 

In order to proceed without any confusion a defini 
tion of structural aircraft castings is needed. If an air 
craft or missile were to have the skin, hydraulic sys 
tem, electrical system, fuel system, electronic equip 
ment, instruments, and the like removed there re 
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quality requirements 


mains a skeleton which can be referred to as the pri 
mary structure. The subject castings would be those 
which form a part of this basic skeleton. They are by 
no means all the castings used in an aircraft or mis 
sile, but they do represent those which are causing 
the greatest amount of trouble to both the foundries 
and the aircraft designer. In addition they represent 
the largest potential market to the casting vendor 
Figure 2 illustrates several typical examples of this 
type of casting. For example, the 95 structural cast 
ings used in one design represent approximately 176 
lb or only about 2 per cent of the airframe weight 
In this same design there were four additional cast 
ings proposed which were not used due to foundry 
problems, design details and schedule difficulties 
which would approximately double the weight of the 
castings used on. this design In retrospect, several 
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Fig. 1 Steel castings used on aircraft designs at the 
author’s company. 


Fig. 2 Typical structural aircraft castings 
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other casting applications have been discovered, and 
at the present time three of these casting applications 
are being cast as part of a steel casting program spon- 
sored by the Air Material Command, and on which 
the author’s company is the prime contractor. 

These three castings would increase the weight of 
the steel castings used on this design by approxi- 
mately 140 Ib. It is easy to see that the trend in 
Fig. | could easily be doubled or even tripled if a 
better understanding existed between the foundries 
and the aircraft designers. 


AIRCRAFT AND MISSILE 
DESIGN REQUIREMENTS 


To better understand the requirements for the 
steel casting, a brief knowledge of the design require- 
ments being imposed on the aircraft designer is neces- 
sary. With the advent of supersonic speeds the prob- 
lem of aerodynamic heating becomes a significant 
factor. Almost any article today will present a_pic- 
ture of the temperatures that can be expected at var- 
ious altitudes and speeds. These temperatures for 
existing aircraft are already of the order of 300 F and 
600 F. With the advent of intercontinental missiles 
and space and satellite programs the temperature en- 
countered will become even higher. 

Designs already exist where temperatures in the or- 
der of 1000 F to 2000 F will be attained, and there 
are other experimental designs where even higher 
temperatures are expected. The first visible result of 
this temperature problem was the gradual increase in 
the use of ferrous alloys in aircraft and missile designs. 

This change to ferrous alloys magnified an already 
critical design requirement—weight. While weight has 
always been a critical factor in aircraft design, more 
so than in other applications, the use of ferrous alloys 
magnifies this problem, In general, the actual weight 
increase of a particular component is only a small 
portion of the total weight penalty for the aircraft or 
missile. For example, considering the wing of an air- 
plane or missile as a simple cantilever beam any in- 
crease in the weight of a component near the wing 
tip requires an increase in load carrying ability of 
practically all structure inboard of the component. 

This results in a weight increase for many com- 
ponents other than the original culprit. In turn, if 
this weight increase is significant it may cause a drop 
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in performance, which can only be overcome by other 
means such as increased engine output, meaning a 
heavier engine. This in turn may require an increase 
in weight of the structure supporting the engine, in 
order to carry the heavier engine. It is not unusual, 
therefore, to experience an overall weight increase of 
seven to 15 times the actual weight increase of the 
original component. 

Closely associated with weight in the designs of to- 
day is available space. In the modern aircraft or mis- 
sile there is practically no unused space within the 
aero-dynamic shape or shell. Any significant change 
in shape of a component usually results in a change 
in external shape, elimination of some other com- 
ponent, or compromise in function. This means that 
even in those cases where the weight increase may not 
be objectional, loss in aerodynamic efficiency or per- 
formance of some other part will prohibit a change 
in size or shape of a component. 

This factor is more important in proposed design 
changes than in the original design, since it is as- 
sumed that the original design encompassed the 
above considerations. However, it will still influence 
to a certain degree the design freedom in the original 
concept. 


Design Requirements 

To meet the weight and space requirements the air 
craft designer must utilize more complex shapes and 
maintain closer adherence to optimum structural 
shapes than is generally necessary in other industries. 
This is reflected in two ways, 1) the designs are 
usually based on ultimate strength not proportional 
limit or yield strength; and 2) the margins of safety 
rather than factors of safety are used. This means that 
many short cuts, compromises and tolerances which 
may be common in a majority of the commercial ap 
plications will be unacceptable to the aircraft de 
signer. It also requires the use of different design 
parameters. 

For example, if a member to carry bending is de- 
sired, an analysis of the many possible shapes will be 
made. A summary of a few of these is illustrated in 
Fig. 3. Where a general designer might be able to use 
the third column as a guide, since this number is a 
measure of the load carrying ability, the aircraft de- 
signer must be guided by the fourth column which is 
a measure of the strength-weight ratio. This figure is 
by no means complete nor does it consider all possible 
modes of failure, it assumes failure will occur in ten- 
sion at the outermost fiber. 

To obtain a complete evaluation such items as com- 
plex loading or bi-axial stresses, buckling and crip- 
pling must be taken into account. The aircraft design- 
er must go through all of these factors, as well as 
repeating the same type of analysis for the other 
major types of loadings, in order to arrive at the 
optimum design. 

The loading breakdown of a typical aircraft design 
must be known in order to realize the relative im- 
portance of the various mechanical properties which 
govern the design of a component. In a typical design 
the breakdown may be as follows—shear 37 per cent; 
bending 23 per cent; compression 2] per cent; and 





tension 19 per cent. The actual percentages might vary 
significantly from one design to the next, but the gen- 
eral order of magnitude will probably remain fairly 
constant. It should also be noted that this breakdown 
is based on the critical loading for each component, 
and many of them are subjected to more than one 
type of loading at any given time. 

In most cases fatigue has not been a major factor, 
but this is closely associated with the design function 
of the aircraft. For example a transport or passenger 
aircraft would be much more prone to be critical in 
fatigue than say a military fighter, and a ballistic mis- 
sile would probably have no fatigue problems. Wher- 
ever fatigue is a factor, the major consideration is that 
endurance limit is not the criteria to use. What will 
be important is the life of a part at high stress levels, 
that is in the finite life region rather than infinite life. 

In summary, the aircraft designer will be searching 
for a material and a process that will meet his design 
objectives. In order to do this he will require a part 
which will meet certain minimum strength require- 
ments, with closer tolerances than are generally needed 
in other industries. He will not be as willing to com- 
promise as his counter part in other industries, but he 
will be willing to pay a greater premium for the at- 
tainment of his objectives than his counter part. 


CASTING REQUIREMENTS 


The first item that comes to mind as a requirement 
for aircraft steel castings is high strength, or the ability 
to retain its strength at elevated temperature. Al- 
though this will be essential to the efficient utiliza- 
tion of steel castings by the aircraft industry the pri- 
mary requirement is more basic. Before the above can 
even be evaluated properly the problem of reproduc 
ibility must be resolved. As pointed out earlier the 
aircraft applications do not permit the use of large 
factors of safety to allow for any significant variation 
in properties. 

There are several instances today where castings 
were originally designed into the structure but event 
ually were not used because of the inability of the 
foundries to produce a uniform product from heat 
to heat. Usually by the time sufficient design factors 
were incorporated in the design to account for the ob- 
served variations, the part had become too large to fit 
into its proper place or so heavy that a non-ferrous ma- 
terial could be used with improved strength-weight 
ratio 

Over the past year a statistical sampling plan has 
been in operation at the author's company to evaluate 
the mechanical properties of production heats of cast 
ings. The normal procedure followed to place a pro 
duction order was to release the design for procure 
ment of a qualification heat of castings. This order re 
quired the castings to be of a certain alloy and have 
minimum strength requirements in addition to di 
mensional requirements. In several cases negotiation 
with the foundries produced several changes in the 
original requirements. Once agreement was reached, 
the first lot of castings was produced and delivered, 

Phis lot was dimensionally inspected, and then test 
ed in a jig simulating the actual airplane structure and 
loadings, as well as by conventional tensile test coupons 
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Fig. 4— Per cent of castings which failed to meet 
minimum strength requirements. 


cut from the castings. The jig test was then corrected 
to the minimum strength level and compared to the 
design requirements. In several instances this pro 
cedure was repeated since the above evaluation dis 
closed design errors as well as strength deficiencies in 
the casting. Once the casting passed the above qual 
ification, production orders were placed. The sampling 
plan was then used on castings procured in this man 
ner. The results are shown in Fig. 4. 

The picture that evolves is discouraging to say the 
least, particularly when follow-up action has disclosed 
the reasons for these failures. In some cases melt prac 
tice was changed, heat treatment procedures were vat 
ied, raw material sources were changed, gating and 
risering was changed, mold composition was changed 
and pouring and tap temperatures were varied. In 
most cases the changes were made with a sincere de 
sire to improve the product either economically or 
strength wise. The fact remains, that the effects of 
these changes were not always known, and in cases 
where they were it was assumed that they would be 
insignificant. 

If the aircraft designs were to have significant fac 
tors of safety the changes would probably have re 
sulted in a part which was still usable, but this was 
not generally the case. In striving to achieve the min 
imums that the aircraft designer set, considerable time 
and effort was expended by the foundries in develop 
ing improved alloys. Extensive metallurgical and chem 
ical analysis studies, and involved heat treatment pro 
cedures were also investigated. ‘This without a ques 
tion has helped and will be required for the eventual 
optimization of the castings, but it does not solve the 
basic problem. Neither will it be possible to properly 
evaluate these other factors until a uniformity of 
foundry procedures are achieved 


Guaranteed Minimum Strength 

Returning now to the requirement of high strength, 
it must be realized that this to the aircraft designer 
means high guaranteed minimum strength not nearly 
average strengths. Furthermore, this strength must be 
achieved on the castings, not on separately or integral 
ly cast test bars. This is not to say that there is nothing 
to be gained from test bar results, since they must be 
used effectively for foundry control, but to the cast 
ing user they are useless unless the designer wishes 
to fly test bars. The aircraft designer recognizes that 
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Fig. 5— Axial load fatigue strength for S.A.E. 4340 
steel. The only significant difference in alloys was the 
microscopic gas porosity and inclusions. Both of the 
alloys met existing inspection criteria. 


the problem of establishing minimum strength levels 
in a complex casting is not simple, but then neither 
is his problem of guaranteeing the strength level of the 
aircraft. 


Strengths Desired 

Without having minimums for the individual com- 
ponents, it is almost impossible to guarantee the 
strength level of the aircraft. In the past he has worked 
with other industries and has obtained minimum 
guarantees from them, which have been met consis- 
tantly, therefore, he is expecting the foundries to do 


the same thing. 

As pointed out earlier the strength desired by the 
aircraft designer is not always tensile. In most cases the 
criteria will be shear, bending or compression, and un- 
less these other properties have been proven to have 
a fixed relationship to the tensile properties they also 
must be evaluated. In many cases castings are re- 
jected because the tensile properties are a few per cent 
below the requirement. To the foundry this appears 
unreasonable since the deficiency is practically insig- 
nificant, and if the casting were critical in tension 
only, this might be true. However, unfortunately few 
parts will remain critical in the manner designed if 
other properties are reduced. 

A simple illustration of this would be a case where 
a casting was rejected due to the elongation being five 
per cent rather than six per cent as required. If the 
part were critical in tension only it is highly doubtful 
that this reduction would make the difference between 
a good and a bad part. Assume, however, that this re- 
duction was due to small inclusions or some other 
similar defect too small to be picked up by x-ray or 
other conventional inspection procedures. What 
would this do to the fatigue strength? A good example 
of this is illustrated in Fig. 5. This means the aircraft 
designer is faced with a decision not of a few per cent 
deficiency in elongation but a reduction in fatigue 
strength many times greater. 

The need for elevated temperature strength is fairly 
obvious when the aircraft requirements discussed pre- 
viously are considered, Steel castings capable of being 
used at temperatures up to 1000 F must become com- 
mon place, and casting alloys for use at 1000 to 2000 F 
must be developed, The next question might be what 
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strength levels are required? The only possible answer 
at the present is that they must be as high as possible. 
When the present missile designs are examined it will 
be discovered that the pay load is usually five per cent 
or less of the total weight. 

Any increase in strength realized in the structural 
components will permit a significant increase in 
this pay load by reducing the weight required for 
these structural components. This permits heavier pay 
loads to be carried without requiring a new family of 
missiles to accomplish the job, and allows higher per 
formance with the lower pay loads. 


Two Important Factors 

Two factors must be kept in mind when attempt 
ing to get these high strength levels at the high tem- 
peratures. First, the other properties such as compres 
sive strength and fatigue strength must be kept at ap 
proximately the same relative position to tensile 
strength as they are at room temperature. This is nec 
essary in order to avoid any major changes in design 
concepts. If it is not possible to do this, then the air- 
craft designer must be informed so that the basic de- 
sign concepts can be modified accordingly. 

Second, the properties at room temperature must be 
kept at reasonable levels. This latter item is mentioned 
since there have been several instances where desirable 
elevated temperature strengths have been obtained, 
but the room temperature ductility has been reduced 
to practically zero. Since the aircraft or missile must 
at least start its flight at relatively low temperatures 
and carry significant loads at the same time, it must 
maintain some reasonable load carrying ability at the 
lower temperatures, 

Associated with the problem of strength at temper 
ature is that of time at temperature. In a missile 
where the total life may be measured in minutes, the 
desired criteria would be completely different than for 
a transport or passenger airplane where the life desired 
may be several thousand hours. This means there will 
be widely varying needs by the aircraft designer de 
pending on the type of design on which he is working. 
Most of the work done up to the present deals with 
properties associated with long exposure time. 

The properties most urgently needed are those for 
short exposure times, from a few seconds to some one 
or ten hours. Creep properties for total deformations 
of less than one per cent are also needed. In addition, 
fatigue strengths at temperature using practical stress 
raisers for life on the order of one to 100,000 cycles are 
needed since most published data deals with the longer 
life region. 


Loading Importance 

One other factor which has assumed an important 
roll is rate of loading. There are many applications 
where a particular casting was not considered due to 
its reportedly low strength. Closer examination re 
vealed that the strengths reported were based on rela- 
tively slow loading rates. When the material was tested 
at loading rates simulating the design load rates it 
proved to be satisfactory. Since these loading rates will 
vary quite widely depending on the design it is almost 
impossible to predict what value should be used. 

In general, the rates used should be increased as 





much as possible to obtain data at faster load rates 
than are commonly used today. The important item 
is to record loading rates not strain rates, and include 
this information with the reported strength data. In 
any case, more information is needed on the effect of 
loading rates on the strength of the castings and cast- 
ing alloys to enable the aircraft designer to use them. 

In establishing tolerance requirements it is not just 
a matter of making parts fit together and within a 
given envelope, but also a matter of weight. Studies 
conducted on existing aircraft have disclosed that due 
to tolerance allowables the average weight of the air- 
frame has increased over the nominal by as much as 
ten per cent. This is readily understood when it is rec- 
ognized that each process operation on a part is going 
to be established on the high side of the tolerance 
range. For this reason the aircraft designer is going to 
be striving for the closest tolerance ranges possible. 


Optimum 

The optimum is ;;0ing to be a balance between what 
is possible by the casting process and what the aircraft 
designer is willing to pay. What makes this problem of 
compromise difficult is to have the foundry demand its 
usual tolerance of + 0.005 in./in., and then produce a 
part with less than one half of this spread and refuse 
to back down on the original tolerance spread on fol- 
low-up orders. For example, a part with a 15 in. di- 
mension would have a tolerance of + 0.075, yet when 
produced by the foundry the spread from one casting 
to the next over 15 heats was on the order of + 0.025. 

Perhaps the solution would be to recognize that the 
tolerances requested by the foundries at the present 
cover two items, 1) the possible variation from one part 
to the next due to the normal process variations, and 
2) the error involved in estimating shrinkage in con- 
structing the pattern. If this were made clear to the 
aircraft designer, then a compromise could be reached 
on how much he is willing to pay for pattern rework, 
to reduce or eliminate the latter of the two sources of 
tolerance build up. 

Finish requirements are going to vary widely de- 
pending on the design function of the part. In general, 
due to the nature of the casting applications, the re 
quirements are going to be as rigid if not higher than 
for a majority of the other structure. Basically, a finish 
from 125 to 250 rms will be sufficient. Where better 
finish is required provisions should be made for ma- 
chining or polishing, unless the casting process will 
normally produce a better finish. The finish is a 
source of many arguments as pertains to fatigue life. 

If it is considered that all components must be 
joined to each other, and that this junction is usually 
formed by putting holes in the part and using fasten 
ers, the stress concentrations due to surface finish be 
come less important. It has also been found that for 
most alloys presently used, the effect of nominal 
changes in surface finish do not significantly affect the 
fatigue life of the parts at high stress levels, rather they 
affect the fatigue life at low stress levels. Since the air- 
craft designer is primarily concerned with high-stress 
low-life fatigue, the surface finish, within limits, as 
sumes a secondary role. 

In any case, if the surface finish of 125 rms could be 
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maintained, the castings would be competitive with 
other fabrication processes, This should not be con 
sidered the ultimate goal but merely a guide, since 
there already are casting processes which will give bet 
ter finish than this. 


Uniform Specifications Needed 


Finally, the most important requirement is going to 
be a set of uniform and rigid specifications to govern 
the production of the aircraft castings. Based on expe 
riences in other industries it is going to be necessary to 
establish a set of specifications for general or commer 
cial products, and a separate specification for aircraft 
or high quality products. This has been done in the 
other industries but not in the casting industry. Here 
the aircraft industry is being asked to buy castings that 
do not meet any basic minimums. This is not possible 
to do, and utilize castings as completely as the aircraft 
industry would like to do. 

Once an alloy having desirable mechanical proper 
ties and acceptable casting qualities has been found a 
specification for it should be written. This is not al 
ways the same composition or necessarily the same 
properties as the wrought alloy. This specification 
should govern such things as compositional limits, 
strength limits and those process variables which affect 
the strength levels as well as establish sampling proce 
dures for evaluating these properties. 

Since the foundry industry has not produced these 
necessary specifications many aircraft Companies have 
a set of casting specifications, supposedly for the same 
alloys. This produces an even greater amount of con 
fusion than is already present, In each case, based on 
the experiences with the individual design involved, 
the specifications are modified to produce the opti 
mum for that design. This means that each specifica 
tion tailors the alloys and casting to meet some specific 
design requirement 

Unless by some chance the original alloy and config 
uration were optimum from all points of view this pro 
cedure will eventually lead to as many specifications 
for a given alloy as there are design applications, This 
is not necessary, nor is it desirable from the viewpoint 
of the aircraft designer or the foundry. All that is re 
quired to reduce or eliminate these various specifica 
tions, many of which contlict with each other, would 
be a set of specifications from the foundry industry 
guaranteeing minimum properties for the steel cast 
ings. 


Setting Up Specifications 

In setting up these specifications it must be recog 
nized that the existing inspection criteria are not ade 
quate for evaluating the aircraft steel castings. Essen 
tially they will reject those castings having obvious de 
fects, but those which pass are not necessarily good, In 
a test program conducted by the author's company a 
total of 114 specimens from 14 heats produced at 3 
foundries using a modified S.A.E. 4340 alloy were in 
spected and tested. Basically, the specimens consisted 
of standard 0.505 in, round tensile specimens machined 
from keel blocks. A fairly simple form to pour, and cer 
tainly an easier part to inspect than the average cast 
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Fig. 6 — Foundry performance showing quoted delivery 
vs. actual delivery of castings. 


These specimens were subjected to the normal in- 
spection criteria required by existing military specifi- 
cations as well as other applicable casting specifications 
by both the foundry quality control personnel as well 
as company engineering personnel. These bars met all 
the requirements such as x-ray, dye check, fluorescent 
penetrant, Rockwell, Brinell, etc. However, 15 per cent 
of them failed at loads significantly below the general 
level and sometimes at less than 30 per cent of the av- 
erage. If the specification criteria were disregarded and 
all bars showing some irregularity, particularly in x- 
ray, were thrown out, half of the low values would be 
eliminated. 

This still leaves approximately seven to eight per 
cent which cannot be detected. If actual castings were 
used instead of test bars, than the numbers would 
probably be more like those indicated in Fig. 4. The 
above study was made specifically to check the existing 
specification criteria without introducing shape or 
complexity as a factor. Granted the data is far too lim- 
ited to draw firm conclusions, but certainly the indica- 
tions are strong that a re-evaluation of existing specifi- 
cation criteria is necessary for aircraft quality castings. 


FOUNDRY REQUIREMENTS 

lo achieve these casting requirements several factors 
involving foundry practices and procedures must be 
recognized, The first of these is process control. It is 
logical to expect that an improvement in quality of 
the product can only be achieved by improvement in 
process controls. Since the aircraft designer is asking 
for a higher quality casting than the general commer- 
cial casting, it follows that the process controls utilized 
for a commercial casting must be improved, when used 
on aircraft castings. In many instances this merely 
means closing up of the tolerances allowed. In other 
cases it may require a whole set of new controls. 

An example of this encountered by the author's 
company was a program conducted to produce a high 
alloy steel casting. The original efforts by three foun- 
dries resulted in parts for which the strength levels var- 
ied from 160,000 to 230,000 Ib/sq in. The first efforts 
by the foundries to improve this situation was by vari- 
ation of composition, improved heat treatment pro- 
cedures and the like These efforts raised the average 
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result but did not change the relative magnitude of the 
scatter. 

When, at the request of the company, the process 
variables such as melt practice, pouring temperature 
and pouring time were controlled as much as was prac- 
tically possible, the range was reduced to 180,000 to 
200,000 Ib /sq in. for the original alloy. In other words, 
mechanizing the process as much as possible increased 
the minimum strength by a greater amount than was 
possible with the metallurgical, chemical and heat 
treatment variations. 

When the latter improvements were then added to 
the improved process the final result was an alloy with 
a minimum strength of 210,000 Ib/sq in. and a scatter 
of only 20,000 Ib/sq in. The interesting thing is that 
this was accomplished at no significant increase in the 
cost of the casting. 

The second factor which must be considered is time. 
In order to keep up with the advances in the aircraft 
industry, and in the military field to maintain the na- 
tional defense status, the time required to produce an 
aircraft or missile has assumed a major role. All opera- 
tions involved in producing the final product must be 
accelerated. In order to meet these accelerated de- 
mands all processes must be expedited. In this respect, 
the experiences of the aircraft industry with the found- 
ry industry have been poor. Figure 6 presents a sum- 
mary of the performance experienced by the author's 
company over a period of time, 

Two things must be improved, 1) the time lapse be- 
tween promised delivery and actual delivery must be 
reduced or eliminated, and 2) the time required for 
actual delivery must be reduced. This need becomes 
evident when it is realized that there are aircraft de- 
signs which must be completed within a time span 
comparable to the times required by the foundries to 
produce one component of the design. The greater the 
time required by the foundries to produce a casting, 
the less chance there will be of using the casting. It has 
been estimated that if the times required by the found 
ries could be reduced to half that shown in Fig. 6, at 
least three times as many castings would have been 
used in the same time interval. 


Cost Performance 


Closely associated with the time element is the cost 
performance. Essentially the cost performance has 
been almost an exact duplicate of the time perform 
ance indicated above. Basically, then, a need exists for 
accurate cost and scheduling procedures as well as an 
accelerated schedule in most cases. The major fault to 
date, appears to be the lack of distinction between the 
commercial and the aircraft castings by the foundry. 
Ihe two price structures are bound by necessity to be 
different. 

A third factor that must be considered is not too easy 
to define. For lack of a better name it can be referred 
to as progressive thinking. The best example of this is 
a casting design recently attempted by a foundry. The 
foundry was given a drawing showing the nominal di- 
mensions required for the final part and asked to cast 
the part as close to this as they could. The idea was to 
obtain a final part requiring a minimum of machining 
The foundry would also be permitted to make any 





changes required as they progressed to achieve this 
goal. The nominal weight of the part was 110 Ib. 

The resulting casting produced by the foundry 
weighed 213 Ib, or it means that almost as much mate- 
rial would have to be machined away as the total part 
weighs. The argument used was that they first wanted 
to produce a sound casting and then gradually remove 
material where they could. At this rate it is easy to see 
that economic considerations would probably stop this 
procedure long before the optimum were reached. At 
the insistence of author’s company a second pattern 
was made to the nominal dimensions and castings 
poured. 

This part weighed 123 Ib, due to the pattern being 
at the upper side of the tolerances given to the pattern 
maker and one or two changes that were obviously 
needed. In a like number of trials, and at approxi 
mately the same cost as before, a final part has been 
obtained that weighs 133 Ib. 

When it is considered that most of the castings re 
quired by the aircraft designer are going to be of alloys 
which are difficult and expensive to machine, the im- 
portance of keeping the part to a minimum cannot be 
over emphasized. It seems a shame to produce a Casting 
which will cost more to machine than to cast. Consider 
also that the casting is competing not against a forging 
or an extrusion but against these forms plus machin 
ing. Any machining eliminated is, therefore, just that 
much more money that can be directed to obtaining a 
sound casting. Every effort, within reason, must be 
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made to cast the final shape desired and avoid the mid 
dle man, or machining, as much as possible. 

The final factor that must be considered is that the 
aircraft industry will never become a large tonnage 
customer to the foundry industry. However, it can and 
will become a large dollar customer. The aircraft de 
signer will be willing to pay for the part and quality 
that is required, not just purchase steel at so much a 
pound. As the foundries gain confidence in their abil 
ity to reproduce results, and guarantee performance, 
this situation should change rapidly. 


SUMMARY 


In summary, the immediate requirements for qual 
ity steel castings in the aircraft industry are as follows 


1. High strength steels capable of operating at tem 
peratures as high as 1500 F 
Reproducibility of results 
Guaranteed strength levels 
Adequate inspection criteria 
Improved tolerances. 
Improved cost and time estimates 


An analysis of these requirements reveals that they 
are goals which should be common to both the found 
ry industry and the aircraft industry, Therefore, with 
a sincere effort by both to achieve these goals, and with 
an understanding of each other's problems and limita 
tions, there is no reason why these goals cannot be at 
tained to the mutual benefit of both industries 
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GRAIN REFINEMENT OF 
SOLIDIFYING METALS 
BY VIBRATION 


By R. G. Garlick and J. F. Wallace 


ABSTRACT 

A number of different liquid metal compositions, in- 
cluding pure metals and alloys that solidify as solid 
solutions and eutectics, were vibrated under controlled 
solidifying conditions. Metallographic examination of 
the solidified ingots of these metals indicated that all 
were grain refined to some extent, although the amount 
of refinement varied considerably. The grain refine- 
ment increased for those metals exhibiting the larger 
solidification contraction. Data in technical literature 
generally confirmed this finding. 

This latter fact provides substantiation of the theory 
that vibration, with its alternate high and low pressure 
waves, increases the nucleation rate of the solidifying 
phases. Mechanisms that describe how this grain re- 
finement is caused by vibration during the solidification 
of pure metals, solid solutions and anomalous eutectics 


are discussed. 


INTRODUCTION 


Previous investigations have established that vibra- 
tions applied during the solidification of molten met- 
als will result in degassing and a finer as-cast grain size. 
Phe amount of grain refinement, however, has been 
reported to vary considerably for different metals, and 
various frequencies and amplitudes of vibration. The 
grain refinement of pure metals,':? solid solutions 
when present in a single phase alloy,?-7 and metals or 
solid solutions when present as the hypo- or hyper- 
eutectic phase, !-4.69 has been shown by the references 
listed for each. 

The behavior of eutectics solidifying under the in- 
fluence of vibration is considerably different. It has 
been reported that the eutectic constituents, particu- 
larly the minor eutectic phase, coarsened under the ac- 
tion of vibrational energy.*: 4.5.8 

Iwo theories have been offered to explain these ef- 
fects of vibration on solidifying melts. The first theory 
postulates! 1° that the grain refining effect of vibra- 
tion is produced by fragmentation of primary crystals 
or dendrites, thereby providing an artificial source of 
stable nuclei. This fragmentation has been attributed 
to the high pressure cycle following cavitation,! or the 
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viscous forces acting on the dendrites or crystals.9: 1° 
The second hypothesis explains this effect as an in- 
creased rate of nucleation produced by the alternate 
pressure and rarefaction waves in the melt.4-5 

This latter hypothesis assumes that introducing vi- 
brational energy into the melt will produce these alter- 
nate waves of high and low pressures. The existence of 
these moving or stationary waves (depending upon 
size of crucible, method of introduction, frequency, 
etc.) is generally accepted in the literature.1-3-5,7-11 
This latter theory when fully developed4 is capable of 
explaining both the grain refinement of primary crys- 
tals and dendrites and coarsening of eutectic constitu- 
ents that have been observed as a result of vibration. 

The fragmentation theory, however, is incapable of 
explaining this coarsening of eutectic constituents and, 
therefore, does not appear to be justified, particularly 
since the phases refined are more ductile than those 
coarsened, 

However, it should be noted that the influence of 
vibration on solidifying metals can be affected by sev- 
eral factors. These include—the peak to peak displace- 
ment of the vibrational energy in the melt, the amount 
of superheat of the metal when poured, the tempera- 
ture of the mold, the rate of cooling in the mold and 
the presence of grain refiners or inoculants in the melt. 
The influence of the vibrational frequency and meth- 
od of introducing the vibrational energy or grain re- 
finement has been a subject of considerable disagree- 
ment. 


Vibrational Energy Effect 

There is considerable evidence+.5.® that if sufficient 
peak to peak displacement is obtained in the vibrations 
introduced into the melt, that the frequency and 
method of introduction is of small consequence. It has 
been shown, however, that the amount of grain refine- 
ment of primary dendrites and crystals5.5.% and coars- 
ening of eutectics® is increased with greater energy on 
peak to peak displacement up to a certain point before 
attaining a maximum and becoming fairly insensitive 
to further increases. 

In order to obtain the full influence of vibration, it 
is necessary that the vibrational energy have sufficient 
opportunity to act upon the solidifying melt. Accord- 
ingly, if the rate of solidification is too rapid, because 
of a cold mold or insufficient superheat, little influ- 
ence will be observed.5.8 
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TABLE _1 — CHEMICAL ANALYSES OF VARIOUS METALS AND ALLOYS INVESTIGATED 
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Al \l Brass 
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0.25 


0.002 
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A theory was proposed to explain the influence of 
vibration on the grain size of the constituents in a 
solidifying melt.4 This theory was developed as a result 
of prior work conducted under the sponsorship of 
Rodman Laboratory, Watertown Arsenal. In brief, this 
hypothesis stated that the alternate high and low pres 
sure waves generated in a solidifying melt reduced the 
size of the critical nucleus necessary for solidification, 
thereby reducing undercooling and increasing the rate 
of nucleation. 

The pressure wave favored the formation of solid 
when the solid was more dense than the liquid, and the 
rarefaction wave would favor the solid when less dense 
than the liquid because of the Le Chatelier-Braun 
principle. The former is, of course, the usual case 
This theory further states that the rate of growth of the 
stable nuclei must be sufficiently rapid to permit 
these to exceed the critical radius for the wave of oppo 
site magnitude. 

This investigation was undertaken to provide fur 
ther data that would substantiate or disprove this 
theory. In the course of this work, pure metals, and 
melts which solidify as solid solution and eutectics, 
were melted and vibrated under closely controlled con 
ditions. If the theory advanced is correct, the amount 
ol grain refinement attained by vibration should be 
influenced by the difference between the density of the 
liquid melt and solid metal immediately after solidifi 
cation. For this reason, metals and alloys that ex 
hibited a considerable range of solidification contrac 


tion were selected for this investigation 


PROCEDURE 


The metals and alloys that were studied are listed 
here according to their mode of solidification 


Pure Metals Solid Solutions hutectics 


\luminum \luminum 


1.59, Copper 12 Silicon 


Aluminum Magnesium 


Antimony lin 
70°), Copper 120°) Carbon equis 


Bismuth Jim OO” Zinn 


alent gray iron 


Phe composition of each metal is listed in Table | 
All pure metals were purchased as commercially pure 
ingot. The solid solution materials were melted from 
commercially pure ingot. The cutectics were 13 alloy 
for the Al-Si, and commercial, cutectic composition 


gray iron. 


Phe aluminum, aluminum-base alloys, and the gray 
iron were melted in an acid-lined 1Okc, LOkw high tre 
quency induction furnace. The other metals were 
melted in separate clay-graphite crucibles in a gas-tired 
furnace. Only the magnesium metal was tluxed dun 
ing melting. No degassing was conducted. To avoid 
masking the ellect of vibration, no inoculants on 
grain reliners were added to any metal 

All metals were superheated to 200-300 F over the 
melting or liquidus temperature immediately prior to 
pouring, to permit a reasonably slow rate of solidifica 
tion. Temperature measurements were taken with im 


mersion thermocouples 


Metal Pouring 

Phe metals were poured directly trom the melting 
crucible into a smaller, tapered, clay-graphite crucible 
used as an ingot mold. These crucibles or molds were 
heated to approximately 700 F by means of a gas torch 
before pouring, for all except the lower melting tem 
perature metals (tin and bismuth). The preheating 
was necessary to prevent rapid solidification. Each 
melt was split into either two or three equal POTrtlons, 
and each portion was poured into similarly preheated 
molds. 

Each ingot poured was approximately 4 in, in diam 
eter, 5 in high (63 cu in.). The molds were bolted se 
curely to a metal plate by means of steel clamps. Sev 
eral series of ingots were poured for cach metal 

Vibrations were applied to the solidifying melts by 
two methods. All metals were subjected to 60 cycle ‘sec 
vibrations by bolting one crucible to a metal table 
mounted over a 300 Ib force output clectromagneti 
vibrator. The arrangement of the crucible on the 60 
cycle vibrator is shown in Fig. |. In addition, the alum 
inum and zine were subjected to vibrations from a 
probe inserted into the melt through the top surtace 
as Shown in Fig. 2. The probe was coupled to a 2Ok« 
110 watt magnetostriction generator 

Phe coupler used for vibration of aluminum was a 
74-In. diameter titanium rod, wetted with alumi 
num metal before use. A 310 stainless steel 74-in. di 
ameter coupling rod was employed lor the vibration 
ol zim 

Phe molten metal from the induction furnace o1 
melting crucible was poured into two crucibles when 
only 60 cycle vibration was employed, and into three 


crucibles when both 60 cycle and 20° kilocycle tech 
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niques were utilized, In each case, one crucible was 
held statically to serve as a control ingot cast under 
similar conditions for comparison with the vibrated 
metal. The 60 cycle vibration was started before pour- 
ing each ingot. The ingot vibrated at 20kc was poured 
first, and then the vibrating probe introduced through 
the top surface of the melt. 

This investigation was designed to explore the mech- 
anism of grain refinement by vibration rather than to 
develop refinements in the technique. Accordingly, 
when it was established that approximately the same 
result was obtained with each type of vibration, the 
majority of the experiments were performed by the 
60 cycle method. This latter technique is easily per- 
formed and controlled to assure uniform treatment. 

Thermocouples were inserted in the approximate 
center of each ingot during the vibrating and solidifi- 
cation period. These thermocouple wires were con- 
tained in two-hole refractory insulators, but the hot 
junction was bare to provide direct contact with the 
solidifying melt. Chromel-alumel couples were used 
for all except the gray iron; platinum - platinum with 
10 per cent rhodium was employed because of the 
higher melting temperature of this latter metal. Cool 
ing curves were recorded on potentiometers through 
out the period of cooling and solidification. 

After the ingots had cooled to room temperature, 
they were removed from the crucibles and sectioned 
longitudinally, The longitudinal surfaces were pol- 
ished and etched by suitable techniques to develop the 
grain structure, An area that was representative of the 


Fig. 1— 60 cycle vibrator and ingot mold arrangement. 


Fig. 2 Arrangement of equipment for ultrasonic vi- 
bration of solidifying metals. 
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TABLE 2 — GRAIN REFINEMENT FOR VARIOUS 
SOLIDIFICATION CONTRACTIONS OBTAINED 
IN THIS INVESTIGATION 
Solidifica Grains/Unit 
tion Con- Area —Vibrated 
traction, 





Mode of Grains/Unit 


Metal or Alloy 


Zinc Pure metal 6.5 60 
Aluminum Pure metal 6. 110 
Magnesium Pure metal 
Tin... Pure metal 
Antimony Pure metal 
Bismuth . Pure metal 
Al — 12% Si Eutectic 
Gray Iron Eutectic 

Al— 414%, Cu Solid solution 
Brass .. ..... Solid solution 


Solidification Y, Area — Unvibrated 
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grain size of the ingot was selected and the number of 
grains determined within this area. Similar locations 
were selected when comparing the control and vibrated 
ingots of each metal. In the case of the ingots with a 
columnar structure, it was necessary to determine the 
number of grains intercepting a line and convert this 
to an area Measurement. 


RESULTS AND DISCUSSION 


The grain refinement obtained by vibration of each 
of the prime metals, solid solution and eutectics is 
shown in Table 2. This table lists the mode of solidifi 
cation of the metal or alloy, amount of solidification 
shrinkage obtained with this material and a ratio of 
the number of grains contained in a given area of the 
vibrated ingot compared to the number of grains 
contained in a similar area of the unvibrated or 
control ingot. 

In order to demonstrate the influence of vibration 
on the grain refinement of the pure metals, photo 
macrographs of representative, etched halves of the 
control 60 cycle and 20 ke vibrated ingots for alumi 
num and zinc are shown in Fig. 3. The macroetched 
ingots for the other commercially pure metals, anti 
mony, bismuth, magnesium and tin, in the vibrated 
and unvibrated condition are shown in Fig. 4. The vi 
brated and control macrostructure of the alloys that 
solidify as solid solutions (Al-4.5 per cent Cu and 70 
per cent Cu-30 per cent Zn), and the microstructure 
of the eutectics (Al-12 per cent Si and gray iron) are 
illustrated in Figs. 5 and 6, respectively. 

In this latter case (Fig. 6) the eutectic cells were 
considered to be individual grains. The structure was 
so fine that microexamination is required to show the 
influence of vibrations on eutectics. Attention is called 
to the coarser eutectic constituents which accompany 
the finer cell structure of the vibrated ingots. The rea 
son for this structure was previously described. 

According to the theory that was postulated,4 vibra 
tions introduced into a solidifying melt would in 
crease the rate of nucleation of solid phases in this melt 
because alternate high and low pressure waves are pro 
duced in the liquid. The high pressure wave would 
favor the existence of the most dense state, usually the 
solid state. The low pressure wave favors the lower 
density state, usually the liquid, but in some instances 
the solid, state. 

It is also necessary to postulate that any stable nu 
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Fig. 3 — Macrostructures of zinc (top row) and alumni- 
mum (bottom row) ingots vibrated at 20 kc (left), 60 


cycles (center) and unvibrated 


cleus existing at a pressure wave would have to grow 
sufficiently rapidly, so that the critical nucleus size for 
the following wave of opposite pressure was exceeded 
before this latter wave reached this location. 

If a series of experiments were conducted in which 
the significant variables for grain refinement were 
maintained within close limits, the theory previously 
postulated? predicts that the amount of grain refine- 
ment would be dependent on the difference between 
th density of the liquid and solid metal at the solidi- 
fying temperature. The known significant variables in- 
fluencing the effect of vibration on grain refinemet 
were held reasonably constant in this investigation, 
and the effect of vibration under these controlled con- 
ditions was observed on numerous metals. 

The resulting grain refinement of these pure metals, 
solid solutions and eutectics is plotted vs. per cent of 
solidification contraction in Fig. 7. In this graph, the 
amount of grain refinement or number of grains in a 
given area of the vibrated ingot, divided by the 
number of grains in a similar area of the control 
ingot, is shown on a logarithmic scale in order to high- 
light the metals in which only slight grain refinement 
occurs. 

The data as plotted in Fig. 7 and listed in Table 2 
show clearly that the amount of grain refinement un- 
der the controlled test conditions is dependent upon 
the amount of solidification contraction, Only slight 
refinement was experienced with antimony, and only 


(right). Etched. 0.5 


slightly more with bismuth. Magnesium exhibited 
somewhat more refinement, 70 per cent Cu-30 per cent 
Zn still more and a large refinement is shown for alu 
minum, zinc and Al-4.5 per cent Cu. Tin was refined 
considerably more than any other metal or alloy with a 
similar amount of solidification contraction 

Some difficulty was experienced in measuring the 
grain sizes, but the best approximation is a refinement 
of one to 12, as shown in Fig. 7 and Table 2. No ex 
planation for this different behavior is offered at this 
time. The grain refinement increases steadily as the 
change in volume upon solidification is raised from 
1.5 to 6.6 per cent. The effect of vibration on the cell 
size of the eutectics is also approximately of this same 
order. 

Gray iron, with only a small solidification expan 
sion, is refined only slightly, and the cell size of Al-12 
per cent Si with a 3.8 per cent solidification contrac 
tion exhibits somewhat more refinement. The refine 
ment of these eutectics represents a special case that 
will be discussed subsequently. 

In order to obtain a comparison of data obtained in 
this investigation with the other workers in this field 
literature was reviewed, and the grain refinement re 
ported by numerous investigators were added to Fig. 7 

These refinement figures were limited to publica 
tions that either reported the refinement or contained 
photographs of sufficient clarity to permit these meas 
urements 
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Data were limited to those papers that employed no 
grain refiners and had sufficient energy for refining 
with enough superheating and mold preheat to allow 
time for the vibrational energy to act before solidifica- 
tion was complete. The details of the reference work, 
composition, type of vibration, grain refinement and 


solidification contraction for all data employed are 
listed in Table 3. It is noted that all of this work from 
these several references!.2-4,5.6.12 agrees closely with 
the grain refinement vs. solidification contraction in- 
formation from this investigation. 

The thermal data for the most part were unsuccess 


Antimony 


Bismuth 


Magnesium 


Fig. 4— Macrostructures of antimony, 
bismuth, magnesium and tin ingots vi- 
brated at 60 cycles (left) and unvibrated 


(right). Etched. 0.5 
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Aluminum — 4.5 per cent copper. 
Left — vibrated at 60 cycles. Right 
— unvibrated. 


Fig. 5— Macrostructures of alumi- 
num — 4.5 per cent copper, and 70-30 
brass ingots. Etched. 0.5 X 


ful in obtaining any consistent difference between the 
vibrated and control ingots. This condition was attrib- 
uted to the fact that differences in thermal behavior 
were so small that it was less than the sensitivity of the 
thermocouples and instruments. Definite indications 
were obtained, however, on bismuth, zinc and both 
eutectics, that the vibrated ingot undercooled some- 
what less (2 to 6 F) than the control or unvibrated in- 
got before solidification was initiated. 

The length of time required for complete solidifica- 
tion of the ingots was longer for the vibrated speci- 
mens in some cases ard the unvibrated ingots in others. 
No consistent results of longer’ or shorter! solidifica- 
tion times, such as reported in the Russian literature, 
were observed in this investigation. 


MECHANISM OF GRAIN REFINEMENT 
Pure Metals 


Since the metals employed were of commercial pu- 
rity, it is anticipated that these metals will solidify by 
heterogeneous nucleation. Even under these circum- 
stances, however, a small amount of undercooling is 
necessary for stable nuclei to form, so that solidifica- 
tion can proceed.14 The mechanism by which this 
solidification occurs to produce the grain refinement 
observed in pure metals could possibly be explained 
in a manner similar to solid solution solidification be- 
cause of the impurities present. 

If it is assumed, however, that the metals are of suf- 
ficient purity to avoid appreciable concentrations of 
solute in the liquid metal near the solidifying wall, 
then another mechanism must be found. 


70-30 brass. Left vibrated at 60 
cycles. Right — unvibrated 


It has been postulated that the thermal conditions 
during the static solidification of the columnar zone in 
an ingot of pure metals are shown in Fig. 8a.!4 Fig 
ures 4 and 5 illustrate that columnar grains were 
formed for all the pure metals cast without vibration 
These grains were obtained even though the amount 
of superheat and mold preheat were not conducive to 
high thermal gradients within the solidifying ingot 

The growth of the columnar grain continues in 
from the wall, since less undercooling is necessary for 
continued growth of the columnar grains than for nu 
cleation of new grains and the thermal gradient in the 
liquid is positive.14 Under these conditions, the ex 
planation of the grain refinement of pure metals be 
comes difficult. However, this refinément, as shown in 
Figs. 4 and 5 of this paper, and in references!:? does 
occur. 


It is believed that the thermal gradient in the liquid 


is not positive throughout the liquid, but that the heat 


TABLE 3 — GRAIN REFINEMENT FOR VARIOUS 
SOLIDIFICATION CONTRACTIONS OBTAINED 
FROM OTHER INVESTIGATIONS 





Solidifica Grains/Unit 
tion Con Area — Vibrated 
Mode of Grains/Unit 


Solidification w/ Area — Unvibrated 


Metal or Alloy 


Pure metal 
Eutectic 


Magnesium 
Al 12% Si 
Al 14% Cu 
Brass . Solid solution 
310 Stainless Steel Solid solution 
1340 Steel 


Solid solution 


Solid solution 
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of fusion from the solidifying chill or columnar zone 
increases the temperature in the immediate vicinity of 
this solid wall. Once this higher temperature zone is 
postulated, the grain refining effect or interruption of 
columnar growth observed in pure metals can be ex- 
plained. The conditions under which the nucleation 
of new grains will occur during vibration of a solidify- 
ing pure metal with a greater solid than liquid density 
are shown in Figure 8b. 

The pressure wave has the effect of increasing the 
stability of the solid or denser phase. This means that 
applied vibrations effectively increase the melting tem- 
perature, temperature for continued grain growth and 
nucleation temperature for new grains. Under the ar- 
rangement shown in Figure 8b, the continued grain 
growth during the high pressure wave is interrupted 
by the rise in temperature produced by heat of fusion 
at the solid metal wall. 

The high pressure wave increases the nucleation 
temperature sufficiently to permit nucleation of stable 
grains in the lower temperature region, as indicated 
on the figure (8b). Similar conditions prevail for the 
low pressure wave when the solid is less dense than the 
liquid. It is doubtful whether as much grain refine- 
ment would be anticipated in this latter case, however, 
since the amount of low pressure is limited by cavita- 


tion. 

This mechanism of grain refinement of pure metals 
by vibration depends only upon the slight temperature 
rise at the solidified wall. It is believed that this tem- 
perature rise occurs since pure metals melt at a single 


temperature. Cooling curves for pure metals generally 
show this temperature rise as solidification takes place. 
Solid Solutions 

The solidification of solid solutions occurs with a 


concentration of solute immediately adjacent to the 
solidifying wall of dendrites, This concentration of sol- 
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ute results in a reduced liquidus temperature im- 
mediately adjacent to this wall. These conditions can 
account for a grain refinement and interruption of the 
growth of column dendrites when a shallow thermal 
gradient exists. The solute or impurity concentration, 
and conditions which favor nucleation of new grains 
in the melt so that columnar dentritic growth is 
stopped in a statically cast ingot, is shown in Fig. 
9a.14 

With the sharp thermal gradient ¢, columnar den- 
dritic solidification will continue, but with the shal- 
low thermal gradient ¢, the nucleation temperature is 
attained and stable new grains solidify as indicated in 
this figure (9a). Since these are commercially pure ma- 
terials, all solidification of these alloys is assumed to be 
heterogeneous. 

Superimposing the alternate pressure and rarefac- 
tion waves of vibration upon this system will tend to 
produce a finer grain sooner or, in other words, will 
cause a change from columnar to equiaxed solidifica- 
tion with a steeper thermal gradient than in the unvi- 
brated condition. Experimental evidence that this 
grain refinement does occur is contained in Fig. 5 of 
this report and in references.2-7 The mechanism by 
which vibrations produce this finer, more equiaxed 
structure is illustrated in Fig. 9b. 

The thermal gradient ¢, is too steep to permit nu- 
cleation of equiaxed grains away from solidifying col- 
umnar dendritic wall without vibration. However, 
both the liquidus and nucleation temperature are 
raised sufficiently by the pressure waves of vibration 
so that nucleation of small, stable equiaxed grains oc- 
curs at the location shown in Fig. 9b. 


Eutectics 
The somewhat more complicated mechanism by 
which eutectics solidify has been reviewed in two re- 


Fig. 6 — Microstructure of alumi- 
num — 12 per cent silicon (top 10 
<) and gray iron (bottom, 8 X), 
vibrated at 60 cycles (left view) and 
unvibrated (right view). 





cent publications.15.16 These alloys are divided into 
two types—normal and abnormal or anomalous. The 
primary phase nucleates the secondary phase in the 
former case. However, the primary phase is unable 
to serve as nucleating agent for the secondary phase 
in the analomous type. This seemingly small differ- 
ence results in substantial deviations in the solidifi- 
cation mechanisms of the two types. 

The normal eutectics exhibit a definite crystallo- 
graphic orientation between the two phases. The 
anomalous eutectics do not exhibit this regular orien- 
tation between the major and minor phases and us- 
ually undercool to a greater extent. 

This investigation and the other work that has been 
reviewed are confined to the anomalous type, includ- 
ing the austenite-graphite, Al-Si, Al-Al, Fe, and Pb-Sb 
eutectics. In all of these published investigations. 4.5.8 
as well as in this work, it has been shown that vi- 
bration will coarsen the eutectic constituents. 

In addition, it has been shown in Fig. 6 of this work 
and reference? that the cell or grain size of the austen- 
ite-graphite and Al-Si eutectics are refined and the 
amount of undercooling reduced by this vibration. 
In view of the fact that experimental data are limited 
to anomalous eutectics, the discussion of the mecha- 
nism of refinement of the cells and coarsening of the 
eutectic constituents will be limited to this type. 

The main nucleation problem, and primary cause 
for undercooling in the solidification of anomalous 
eutectics, is the nucleation of the secondary or minor 
phase.!5.16 Since the primary eutectic phase is incapa- 
ble of acting as a nucleation agent, foreign nuclei 
from the melt must provide these sources for hetero- 
geneous solidification. 

If the major phase is considered to have been pre- 
viously nucleated from the eutectic liquid, this solid 
particle is surrounded by a liquid at a higher tem- 
perature than the unaltered liquid eutectic because of 
heat of fusion and with a higher concentration of the 
second phase. When this liquid becomes sufficiently 
supersaturated with the minor phase, nucleation of 
this phase occurs at a suitable foreign particle. By the 
application of vibration to this solidifying eutectic, 
the melting and nucleation temperature of the super- 
saturated liquid surrounding the major phase is ef- 
fectively raised in a manner similar to that described 
for the pure metals and solid solutions. 

Vibrations are capable of assisting nucleation of 
the minor phase immediately adjacent to (although 
probably not in contact with) the stable nucleus of the 
major phase. By this action, vibration of a solidifying 
anomalous eutectic reduces undercooling and_in- 
creases the number of stable nuclei of the minor 
phase. This latter action results from the fact that 
more foreign nuclei are rendered effective by increas- 
ing the supersaturation or nucleation temperature. 

The effect of vibrating this type of eutectic is sim- 
ilar to inoculation. The number of eutectic cells is 
increased and the undercooling is reduced. As a result 
the eutectic solidifies much more slowly than in the 
static uninoculated state, because the heat of fusion 
quickly overcomes the slight undercooling and solid- 
ification becomes dependent on the rate of heat re- 
moval from the ingot. Under these conditions, the eu- 
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Fig. 7 — Effect of difference in liquid-solid density at 
melting point on grain refinements resulting from vi- 
brations. 


tectic consitituents agglomerate into coarser particles 
with their reduced surface areas and lower energy 
state. 

The selection of the significant change in density 
upon solidification of a eutectic poses a problem. The 
amount of refinement is measured in terms of the 
number of eutectic cells or grains. However, the mi- 
nor phase is generally the difficult phase to nucleate, 
and it appears that vibration exerts its major influence 
on eutectic solidification by assisting in the nucleation 
of this minor phase. For this reason, some considera- 
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Fig. 8a — Thermal conditions in ingot during solidifi- 
cation of the columnar zone in a pure metal without 
vibration.!4 
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Fig. 9a — Impurity concentration and thermal condi- 
tions during transition from columnar to equiaxed 
solidification without vibration.!4 


tion must be given to the significance of the density 
change involved in the solidification of this minor 
phase. 

It is noted that solidification contraction of the gray 
iron eutectic varies from a slight expansion to a small 
contraction, depending on the silicon content. The 
solidification of graphite from the liquid, however, 
involves a large expansion. The AlI-Si eutectic solid- 
ifies with a considerable contraction (3.8 per cent)), 
whereas silicon solidifies from eutectic liquid with 
a slight expansion. 

In view of the fact that the actual grain size meas- 
ured is that of the eutectic cells, and vibration un- 
doubtedly contributes to the solidification of the ma- 
jor as well as the minor phase, it is believed that the 
overall change in volume which occurs upon eutectic 
solidification is the significant factor. Accordingly, the 
eutectics are included in Tables 2 and 3 and Fig. 7 
with the solidification contraction of the overall com- 
position. 


SUMMARY 


By the application of vibration to solidifying metals 
including pure metals, solid solutions and eutectic 
compositions, it has been shown that the amount of 
grain refinement obtained by vibrating a metal or 
alloy during solidification depends on the amount of 
solidification contraction. Considerable confirming 
data have been obtained from numerous literature 
sources. The establishment of this fact provides sub- 
stantiation for the theory that the alternate high and 
low pressure waves of vibration produced grain re- 
finement by increasing the rate of nucleation of the 
solidifying phases. 

The larger the differences in density of the liquid 
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Fig. 9b — Influence of vibration on liquidus 
and nucleation temperatures in a_ solid 
solution and nucleation of equiaxed grains. 


and solid phases, the greater the influence of the 
pressure waves. The mechanism whereby this increased 
rate of nucleation can refine the grain size of solidify- 
ing pure metals, solid solutions and anomalous eutec- 
tics is presented. 
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RECLAIM SODIUM SILICATE 
BONDED SAND 


By George C. Warneke 


ABSTRACT 


The objective of this project was to determine 
whether or not sodium silicate bonded sands could be 
reclaimed and, if so, what would be involved, and what 
could be expected as to repetitive dimensional accuracy 
of the sodium silicate bonded mold. A pneumatic 
scrubber and an aerated muller were used in the rec- 
lamation tests. A casting from green sand was com- 
pared for dimensional accuracy with a casting from 
sodium silicate bonded sand. 


INTRODUCTION 


The sodium silicate process has been in use for 
some time. To obtain the answers to two objectives 
which it was felt had never been thoroughly investi 
gated, a project was initiated to find out whether or 
not sodium silicate bonded sands could be reclaimed, 
and if so what would be involved and what could 
be expected in repetitive dimensional accuracy of a 
sodium silicate bonded sand mold. 

The sodium silicate process has had many pros and 
cons. Much publicity has been given the cost and 
savings factors of molds and cores free from any sag 
or distortion, and the freedom from use of driers, 
ovens and large storage areas, as well as the person 
nel to service them, One factor, and a basic and 
costly one, that it was felt had never been investi 
gated was the basic core or mold sand used. 

If this sand had to be discarded after each use, 
the use of sodium silicate as a bonding agent could 
become economically prohibitive, even though the 
process was of value in other areas. 


PROCEDURE 


In order to produce castings from sodium silicate 
bonded sands at the lowest economic level, the sand 
necessarily must be reclaimable. The casting chosen 
to determine the merits and/or faults of a reclaimed 
sodium silicate bonded sand was the Steel Founders’ 
Society of America standard test block. Figure | is a 
sketch of this test block casting. 

The mold is shaped and gated to produce severe 
conditions against the sand interface. The casting is 
gated into the thin wing causing the metal to cover, 
uncover and re-cover the bottom of the thin wing 
area before running over the edge and subjecting 
itself to the side and bottom grooves. This casting 
was used to evaluate the relative erosion, penetration 
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and burn-on conditions of the reclaimed sodium sili 
cate bonded sand alter each repetitive sand re 
lamation. 

The first mix used to mold these S.F.S.A. test: block 
castings contained 6 per cent sodium silicate and 2 
per cent kaolin clay. Although this mix gave an ex 
cellent casting as to surface finish, with no penetra 
tion or burn-on on the bottom of the thin wing o1 
in the bottom of side grooves, shake-out was ex 
tremely difficult. This sand with the high percentage 
of sodium silicate was shaken out in the form of 
large, hard chunks. Upon crushing these large chunks 
the sand grains were fractured making this mix with 
a high sodium silicate content unsatislactory for ree 
lamation, or from the standpoint of shake-out prop 
erties. 

The next step was to lower the sodium silicate con 
tent, so that the shake-out properties would be im 
proved and not create any dilficulties, as well as to 
produce a sand which could easily be crushed, a 
necessary step between shake-out and reclamation. A 
figure of 4 per cent sodium silicate was chosen, as 
this amount, or slightly less, is used in many found 
ries for normal sodium silicate core and mold pro 
duction 

The S.F.S.A. test block castings which resulted 
from this mix were not 100 per cent deflect free as 
were the 6 per cent castings However, these 4 pel 











Fig. 1 Sketch of test block casting used for this 
study 


June 1959 + 9§ 





Fig. 2 Casting made from new Ottawa sand having 
an AFS Grain Fineness Number of 48.41. 


cent castings could easily be used as original sand 
castings, lor comparison purposes, with castings made 
from the same sand after reclamation. 

Figure 2 shows the castings made from new Ottawa 
sand having an AFS Grain Fineness Number of 48.4. 
The additives used were 4 per cent sodium silicate 
and 2 per cent kaolin clay. Note the erosion on the 
bottom of the thin wing, although the bottom and 
side grooves are free of defects. These were the stand 
ard castings against which test block castings, made 
with the same sand after its reclamation, were to be 
compared, ‘These castings made from a mix with a 
f per cent sodium silicate content were easily shaken 
out, and the sand was readily crushed without grain 
fracture. 


RECLAMATION PROCESSES 


The 4 per cent sodium silicate bonded sand was 
then divided into two equal parts and reclaimed by 
two different methods: 

1) In a pneumatic scrubber. 

2) In an aerated muller. 

Reclamation by the pneumatic scrubber was done at 
the rate of 1000 lb/hr in a two-compartment unit. 
Six groups of castings were made; the original, and a 
group alter cach of the five reclamations. 

The sodium. silicate bonded sand used to make 
these castings was cured with carbon dioxide, the gas 
entering the mold through slotted vents in the pat 
tern plate from a plenum chamber under the pat- 
tern plate. Belore cach re-use of the sand, it) was 
tested for usable sodium: silicate; none was found at 
any time, The casting to sand ratio was | to 3; 
perhaps with a higher ratio some sodium: silicate may 
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Fig. 4 Castings made after second sand reclamation 
in the pneumatic scrubber. 
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Fig. 3 — Castings made after the sand’s first reclama- 
tion in the pneumatic scrubber. 


be available for re-use. Twenty per cent new sand 
was added to each batch of reclaimed sand. 
This was done to accomplish a two-fold purpose: 


1) To make up the approximate 15 per cent loss 

shared between the reclaimer and the crusher, 
where 14-in. “peanuts” were screened from the 
sand after crushing. 
To be able to vary the Grain Fineness Number of 
this 20 per cent addition, so when it was blended 
with the returned reclaimed sand the _ fineness 
number of the reclaimed sand could be kept in 
the range of the original new sand. 


Pneumatic Scrubber Reclamation 

In Fig. 3 are castings made from the sand after its 
first reclamation in the pneumatic scrubber. As can 
be seen, the castings appear similar to the original 
new sand castings as to surface finish on the bottom 
of the thin wing, the same erosion condition in area 
and degree of severity and the absence of defects in 
the bottom and side grooves. 

Figure 4 shows castings made from the sand after 
its second reclamation in the pneumatic scrubber. 
They are identical with original castings, and with 
castings made after the first reclamation. 

In Fig. 5 are castings made after the sand’s third 
reclamation. They are slightly improved over the 
original castings with regard to the erosion condition 
at the bottom of the thin wing. No explanation is of- 
fered as to why this situation occurred. The sand, 
as to grain fineness and distribution, was virtually 
the same as when it was used to make the original 


castings. 
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Fig. 5 — Casting made after third reclamation of sand 
in the pneumatic scrubber. 





Fig. 6— Castings made after fourth reclamation 
sand in the pneumatic scrubber. 


possible, as was the pouring practice. The metal tem 
perature was the same as used in the original 
castings. 

Figure 6 shows castings made from sand after the 
fourth reclamation. Again, these castings are similar 
to the original new sand castings, having the erosion 
condition on the bottom of the thin wing. 

In Fig. 7 are castings made after the sand’s fifth 
reclamation. Again, these castings are similar in ap 
pearance to the original new sand test block castings. 

Conditions that were discernable in looking at the 
actual castings, and which could not be reproduced 
well on the photographic negatives, were the slight 
differences between the groups of castings even 
though they may be said to appear similar. In all 
cases, except one, a general improvement in surface 
conditions of a group of castings could be traced to 
that group of castings coming from a sand that had 
a slightly higher grain fineness number. 


Aerated Muller Reclamation 

The second method of reclamation employed an 
aerated muller. This was done at the rate of 350-Ib 
batches mulled and aerated for 20 min, and dis 
charged through a cyclone. Again, six groups of 
S.F.S.A. test block castings were made—the original 
with new sand, and a group alter each of the five 
reclamations of the sand. 

These groups of castings were made simultane 
ously with groups of castings from sand reclaimed in 
the pneumatic scrubber, in order that molds made 
with sand after its first reclamation in the aerated 
muller, and molds made with sand alter its first rec 
lamation in the pneumatic 
poured in the same heat. 


scrubber, could be 


This procedure was followed with the second, third, 
fourth and fifth reclamations by each method. The 
same foundry practice, bond additions, blending pro 
cedure and sand mulling practice was used as was 
used in the sand that was reclaimed by the pneu 
matic scrubber. This procedure was followed to min 
imize the many variables. 

Figure 8 shows castings made with the sand after 
its first reclamation in the aerated muller. The 
surface appearance on the bottom of the thin wing 
is slightly better than that on the original new sand 
castings. This is attributed to the fact that this sand 
had a grain fineness number 7 points higher than that 
of the original sand. It is felt that this was caused by 


the negative pressure not being high enough in the 


muller, and to the many fines retained in the sand 


Fig. 7 Castings made after fifth sand reclamation in 
the pneumatic scrubber 


In Fig. 9 are castings made with the sand after its 
second reclamation in the aerated muller. In appear 
ance they are similar to the original new sand cast 
ings, having the slight erosion condition on the bot 
tom of the thin wing. 

Figure 10 shows castings made with the sand after 
its third reclamation, Notice the improved surface 
condition. These castings from reclaimed sand are 
mates to the castings from sand reclaimed in- the 
pneumatic scrubber. As noted previously, even alter 
extensive checking, no cause can be tound for thes« 
castings having the improved surface after the third 
reclamation by either method 

Figure 11 shows castings made trom the sand alter 
its fourth reclamation. As can be seen, these castings 
have the same general surface conditions, with the 
slight erosion condition in the bottom of the thin 
wing and the absence of defects in the bottom and 
side grooves, as did the original new sand castings 
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Fig. 8 Casting made after the sand’s first reclama 
tion in the aerated muller 





Fig. 9 Castings made after second sand reclamatior 
in the aerated muller 
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Fig. 10 — Castings made after third reclamation of 
sand in the aerated muller. 


Fig. 11 Castings made after fourth sand reclamation 
in the aerated muller. 


In Fig. 12 are castings made from the sand after 
its fifth reclamation in the aerated muller. Again, the 
castings have a similar surface appearance on the 
bottom of the thin wing as did the original castings 
and castings made from sand after its second and 
fourth reclamations. 

A similar situation existed with these castings as 
did with the others from sand reclaimed in the pneu- 
matic scrubber, although the photographs have not 
detailed slight differences too closely, Actual exam- 
ination of the groups of castings showed a correla- 
tion of slight differences in surface conditions follow- 
ing the grain fineness number of the sand used in 
the experiments. A finer sand gave a general surface 
finish improvement. 


Conclusions 

Based on the results of this project, where the base 
Ottawa sand was reclaimed five times in an aerated 
muller and a pneumatic scrubber, and used to cast 
S.F.S.A. standard test blocks (used to compare the 
reclaimed sand with the original new sand), it ap 
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Fig. 12 Castings made after fifth reclamation of 
sand in the aerated muller. 
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pears that sodium silicate bonded sands can be re- 
claimed in an aerated muller or a_ pneumatic 
scrubber. 

One thing that must be kept in mind with either 
method of reclamation is that the sand must be 
physically crushed after shake-out. The sand will not 
readily crumble as do most foundry sands after being 
passed through a sand tumbler and returned either 
to a storage hopper or a sand reclaimer. 


DIMENSIONAL ACCURACY 


This section deals with the dimensional accuracy 
that can be obtained from a sand mold using a 
sodium silicate binder. By “dimensional accuracy” 
is meant repetitive dimensional accuracy from any 
size lot of repetitive productive castings. 

Figure 13 shows the casting chosen to be exam- 
ined dimensionally in six different places. It is a 
production casting normally cast in green sand. 

Figure 14 is a schematic view of the casting which 
was used to compare the repetitive dimensional ac- 
curacy of sodium silicate bonded molds with that of 
the green sand molds. As can be seen, dimensions 
were taken at A, between a pair of vertical inside 
walls of two pockets and at B, (90 degrees to dimen- 
sion A) between a pair of outside vertical walls. 
Dimension C is comparable to dimension B except 
that it is in the cope. Dimension D is the overall 
outside length of the mold. 

Dimension EF is the depth of the drag from the 
parting line to the lowest point, and dimension F 
is an overall dimension of cope and drag total height. 
The dimensions involved cover all areas where the 
castings may be distorted either in molding or pour- 
ing operations. A total of 84 of these castings was 
made in sand molds bonded with sodium silicate. A 
similar number of regular production green sand 
castings were selected at random to be compared with 
these castings from sodium silicate bonded sand 
molds. 

Dimension A on castings from sodium. silicate 
bonded sand molds averaged 7.6 in., all dimensions 
being taken with a vernier caliper. When all 84 di- 
mensional readings were subjected to statistical anal- 
ysis, the average variation which could be expected 
95 per cent of the time was a tolerance of +0.016 in. 
of the average dimension. This was established by 
analyzing the data sheets, and taking the average tol 


Fig. 13 — Casting chosen to the examined dimensional- 
ly in six different places. It is a normal production 
casting usually cast in green sand. 





erance plus or minus twice the standard deviation, 
being 0.008 in. 


Dimension A on castings made by conventional 
green sand molding methods had an average of 7.615 
in. When all 84 readings of dimension A of the green 
sand molded castings were subjected to statistical 
analysis, the average variation which could be ex- 
pected 95 per cent of the time was a tolerance of 
+0.028 in. of the average dimension. 

This again was established by analyzing the data 
sheets and taking the average tolerance plus or minus 
twice the standard deviation of green sand, being 
0.014 in. Therefore, the use of a sodium silicate 
bonded sand in preference to conventional green 
sand would permit the molding of this 75 in. di- 
mension with the range of variation cut approxi- 
mately in half. 

Dimension B, at 90 degrees to dimension A, on 
castings from sodium silicate bonded molds averaged 
7.901 in. Again, when all 84 of these dimensional 
readings were subjected to statistical analysis, the 
average variation to be expected 95 per cent of the 
time was a tolerance of +0.016 in. of the average 
dimension. This same dimension on the green sand 
castings averaged 7.874 in. The statistical analysis 
showed the average variation to be expected 95 per 
cent of the time was a tolerance of +0.028 in. 

As in the previous case, molding with a sodium 
silicate bonding agent would permit holding as-cast 
tolerances only approximately half as great as found 
with conventional green sand molding. 


Dimension C is comparable to dimension B, except 
that it is in the cope. In castings from sodium silicate 
molds this dimension averaged 7.984 in. When the 84 
readings taken on all castings at this location were 
statistically analyzed, the average variation to be ex- 
pected 95 per cent of the time was +0.038 in. 
This is not in relationship to a previous dimension 
of approximately the same magnitude although in a 
different location. 

Also, there is no correlation between this and the 
dimension taken in the same location on green sand 
castings where the average dimension was 7.964 in., 
with a statistically analyzed tolerance range of 0.028 
in. No explanation is offered for the increased toler- 
ance range at this location on the sodium silicate 
bonded sand castings. 


Dimension D has an outside length dimension 
average of 12.145 in. on castings from sodium silicate 
bonded sand. The statistical analysis of the 84 dimen- 
sions taken at this location showed the average varia- 
tion to be expected 95 per cent of the time was + 
0.026 in. Comparing the green sand castings at this 
location, the average dimension was 12.180 in. and 


Fig. 14 — Schematic view of casting shown in Fig. 13 


the tolerance to be expected 95 per cent of the time 
was +0.050 in. 

As in the first two cases, the use of a sodium 
silicate bonded sand gave dimensional variations only 
half as great. 

Dimension E is a depth dimension of the drag half 
of the casting from the parting line to the bottom of 
the mold, and had an average dimension on sodium 
silicate bonded sand castings of 1.362 in. When the 
readings from 84 castings in this area were analyzed 
the average variation to be expected was +0.028 in 
Comparing this with the same dimension on green 
sand castings, it averaged 1.367 in. and had a toler 
ance range of +0.032 in. 

Although not as great as in previous cases, the 
sodium silicate bonded mold gave smaller tolerance 
variations. 

Ihe last dimension, dimension F, although aver 
aging 3.318 in. on sodium silicate bonded sand cast 
ings could not be properly analyzed due to a skewed 
distribution. The molds were all weighted uniformly 
and were subjected to different pouring pressures, 
which caused no serious horizontal mold wall devia 
tions, but were affected vertically by the static pres 
sure of the metal being poured. Therefore, no statis 
tical analysis of a standard deviation could be prop 
erly established. The same situation occurred with 
the green sand molds where the average dimension 
of 84 castings was 3.318 in. 


Conclusions 


In the casting just analyzed, allowing for the one 
exception, a sand mold bonded with sodium silicate 


will provide greater dimensional stability, and a 


smaller as-cast tolerance range, than will the conven 
tional green sand practice. 
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MOTTLING IN HEAVY SECTION 


WHITE IRON CASTINGS 


first progress report on an investigation 
sponsored by AFS Malleable Division 


By C. R. Loper, Jr. and R. W. Heine 


ABSTRACT 


There is an increasing demand on malleable iron 
foundries to produce castings af a larger section size. 
However, the problems of producing the casting without 
mottling and with adequate annealability arise. 

To seek a solution to these problems a research proj- 
ect is being sponsored by the American Foundrymen’s 
Society Malleable Div. at the University of Wisconsin. 
The project is aimed at producing heavy section cast- 
ings from an iron of such composition and/or melting 
practice that mottling or primary graphitization will 
not occur during the freezing of the casting. However, 
the iron must have sufficient graphitizing tendency in 
the solid state so that it may be malleabilized by a com- 
mercially feasible heat treatment. This paper is the 
first progress report emanating from this project. 


LITERATURE SURVEY 


In general, articles published in the literature!-17 
which have a bearing on the problem state that car- 
bon and silicon exert a dominating effect on mottling 
tendency in a given section size. Lowering the carbon 
and silicon to sufficiently small percentages will pre- 
vent mottling and cause a white fracture. Slightly 
higher percentages of carbon and silicon may or may 
not cause mottling, depending on section size and 
melting practices. At still higher percentages of car- 
bon and silicon mottling will occur consistently. 

This relationship between chemical composition 
and mottling tendency can be established by correlat- 
ing the appearance of mottling with certain limiting 
maximum carbon and silicon contents for a given 
casting section size and a given melting practice. 
Among the criteria for combination of carbon, silicon 
and section size which have been suggested in the 
literature are: 


a) %C + 2.85 X log %Si = 2.703 — 1.06 log D;2 
where D = section diameter for bars in in. 
For a 2.0 in. diameter bar, %C + 2.85 log %Si = 
2.7038 — 1.6 X 0.302 = 2.22. 
%C + 2.85 X log %Si = b;3 where b is a con- 
stant which depends on section size, For irons 
produced in three foundries, a statistical study re- 
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vealed that elimination of mottling in a 2.0 in. 
diameter section occurs when b = 2.55. 

c) 4.25 x %C + 1.82 K YSi = 12.20 or less; to elim- 
inate mottling in a 2.0 in. diameter bar.4 

d) %C + %Si = k; this is an arbitrary relation 
where a limiting value of k is assigned by a particu- 
lar foundry based on their experience with a test 
bar. For a 2.0 in. diameter bar, constant k usually 
is in the range of 3.6 to 4.0. 

e) 4.10 X log %C + log %Si = 1.602;1 where the 
data from formulas (b) and (c) are also found to 
fit in the normal carbon and silicon percentage 
range in malleable iron. 


In the above relationships (a) through (e), the 
combination of carbon and silicon percentage on the 
left side of the equation must be below the value ex- 
pressed on the right side of the equation, in order to 
obtain a white cast iron regardless of melting varia- 
bles. Three of these formulas are plotted in Fig. 1, 
along with the eutectic carbon and silicon percent- 
age, %C + Y% %Si = 4.30, and the maximum solu- 
bility of carbon in y iron alloyed with silicon (%C + 
¥% X YSi = 2.0). 


Fig. 1— Comparison of three criteria of mot- 
tling, in a 2.0 in. diameter bar with eutectic 
carbon and silicon concentrations, and with maxi- 
mum solubility of carbon in austenite as affected 
by per cent silicon. 
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Theoretically, the correct equation should have a 
curve approaching the eutectic carbon content (4.30 
per cent), or slightly above, as silicon approaches 
zero, since it has been observed that hypereutectic 
irons will always cast with structures containing pri- 
mary graphite even in sections under 14-in. diameter 
quenched in water. The correct equation should also 
have a curve approaching or slightly below the max- 
imum solubility of carbon in austenite as silicon con- 
tent increases. This is necessary since mottling is re- 
garded as the precipitation of graphite during freez- 
ing of the eutectic. No eutectic will be formed at 
compositions much below those of the solubility level 
of carbon in silicon alloyed iron. 

A comparison of the curves (b) %C + 2.85 * log 
%Si = 2.55, (c) 4.25 x Y%C + 1.82 x Y%Si = 12.20 
and (e) 4.10 X log %C + log %Si = 1.602, is presented 
in Fig. 1. Equation (b) appears to cross the curve 
of maximum solubility of carbon in austenite at too 
low a silicon percentage to be valid. Since the data% 
from which curve (b) is taken also fits equations (c) 
and (e), it appears that equation (e) is the best inter- 
pretation of available data on the limits of C and Si 
for mottling in a 2.0 in. diameter test bar. 

A better curve would be one where the equation is 
asymptotic both to the zero per cent silicon line near 
the eutectic composition and the maximum solubility 
of carbon in austenite curve. 

The preceding discussion concerns comparisons in 
the literature regarding limiting carbon and silicon 
contents for mottling in a 2.0 in. diameter section. 
A base curve which is asymptotic to the zero per 
cent silicon ordinate, and the line indicating maxi- 
mum solubility of C in y iron (C + \%& x % Si) is in- 
dicated as theoretically correct for the 2.0 in. diameter 
section. A similar base curve of limiting carbon and 
silicon contents should exist for heavier sections such 
as the 4 x 4 x 8 in. block casting selected as a test bar 
for mottling in this project. 

The first phase of the project consisted of deter- 
mining this base curve of carbon and silicon for pro- 
ducing a white fracture in a 4 x 4 x 8 in. block 
casting. The effects of other variables, for example 
bismuth, can then be related to this base curve. 


EXPERIMENTAL PROCEDURE 


The mottling test casting selected by the commit- 
tee was a block 4 x 4 x 8 in. long made in a 
green sand mold, and fed by a 9 x 434 in. diameter 
riser. The drag side of the pattern is shown in Fig. 2. 
A thermocouple protected by a fused silica tube was 
inserted into the center of the 4 x 4 x 8 in. block 
from the top, in order to obtain cooling curves on the 
casting. Thirty to 35 min were required after pouring 
for complete solidification of the 4 x 4 x 8 in. block. 
Mottling data of this casting were obtained from the 
fracture between the riser and the 4 x 4 x 8 in. block, 
and from fracture at the center of the block. 

The fracture was called white only if it showed no 
evidence whatever of mottling. It was called lightly 
mottled when about 6 to 12 mottle specks showed on 
the 4 x 4 in. section. Heavily mottled is the term 
used to describe a fracture about 50 per cent white 


Fig. 2 — Drag 
view of the pattern 
of the 4x4x8 in. 
casting from which 
mottling data were 
obtained. 


TABLE 1 — CHEMICAL ANALYSIS AND SURFACE 
AREA OF CHARGE MATERIALS 


Composition, %, 
Material Cc Si Mn S P 


Pig Iron 4.20 162 O80 0.043 0.13 8.0 
Sprue 2.36 1.18 0.31 0.090 - 17.0 
Steel 0.24 0.09 066 0.04 22.4 





Average Surface 
Area, in.2/Ib 











and 50 per cent gray. Mottled describes a fracture 
which is about 75 per cent white. 

All heats were melted in a high frequency induc 
tion furnace under a controlled atmosphere. With the 
exception of a few high carbon, low silicon heats, 
this atmosphere consisted of 21 per cent carbon di- 
oxide and 79 per cent nitrogen. The CO, - N, atmos 
phere was selected since it represents the most oxidiz 
ing melting condition without free oxygen, or the 
case where perfect combustion of carbon takes place. 

High carbon, low silicon heats 22, 25, 30 and 31 
were melted in a 35 per cent carbon monoxide, 65 
per cent nitrogen atmosphere because of their tend 
ency to boil when melted under the 21 per cent CO, 
79 per cent Ny atmosphere. The 35 per cent carbon 
monoxide atmosphere represents the case where 
a solid fuel is completely burned to CO with no 
excess Ov. 

Table | presents the chemical analysis and approx- 
imate surface area of the charge ingredients. With a 
few exceptions, 50 per cent sprue was used in all 
charges. The chemical composition was adjusted 
through proper proportioning of pig iron, sprue, 
steel and 75 per cent silicon ferro-silicon or graphite 
obtained from crushed electrodes. The pig iron was 
sawed into pieces 4 to 8 in. long for convenience in 
charging. The steel consisted of scrap nuts and bolts. 
All charge ingredients were thoroughly cleaned of ad- 
hering dirt and scale. 


Charging Procedure 
Charging procedure was as follows 


1) The pig iron was placed in the bottom of the fur 
nace. 

2) Ferro-silicon, if required, was placed on top of the 
pig. 

3) Sprue was then placed on top of the pig 

4) As melting progressed steel was added. 

5) Any graphite required, was added to the charge 
after the melt reached a temperature of 2570-2800 
F, and was cleaned of slag. At this temperature the 
graphite entered readily into solution 


Melt down time for all heats was about 65-70 min 
The bath was brought up to 2800 F in a total of 80 
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TABLE 2 — CHEMICAL ANALYSIS AND FRACTURE 
RESULTS OF HEAT POURED — NO ADDITION MADE 


Fracture Results2 





’, Chemical Analysis, a 
Heat No c Si 


1.09* G M 
1.32° G M 
1.40* G M 
1.05* M Ww 
1.05* M 


}.41° HM M 
121° M WwW 
1.5 0.86 W WwW 
2.34° 0.95* M "Ww 
2.10° 0.82° LM W 


2.10 0.87 M WwW 
1.90* }.12° LM WwW 
2.00 1.15 M Ww 
1.85* 141* W 
3.00 0.40 M WwW 





4x4x8 in. casting 17% in. D. bar 





2.50° 
2.50° 
2.59° 
2.449 
234° 
2.20° 


2.12¢ 


1.50 4.00 G 

$.03* 0.25° WwW 

1.13 1.00 Ww W 

1.32° 3.54° WwW Ww 

1.63 2.00 - 

1.46* $.94° 

2.60* 0.25* Ww 

2 BO 0.31 WwW 

2.11 1.65 G 

2.11 1.65 G 
Estimated chemical analyses, unless marked with an asterisk 
for which actual chemical analyses were obtained 
G = gray fracture; HM heavily mottled fracture, almost 
gray; M= mottled fracture; LM = lightly mottled fracture; 
W 100 per cent white fracture 





9) min from the start of the heat. The heat was then 
held at 2800 F for 60 min. The furnace was turned 
off and the melt allowed to cool. In about 3 min the 
bath dropped to a temperature of 2750 F, and in an- 
other 2 min the bath temperature dropped to 2700 F. 

Those heats to which no additions were made were 
poured at 2700 F. In the case of heats having a bis- 
muth addition, the bismuth was added at 2750 F, and 
the heat poured at 2700 F. The bismuth added was 
wrapped in a sheet of mild steel, wired to a fused 
silica rod and subsequently immersed in the bath. As 
a result of the melting practice followed, no oxida- 
tion losses of silicon occurred from charge to final 
analysis. Total decarbonization amounted to about 
0.30 per cent for each heat. 


The final analysis is listed in Table 2. Table 2 lists 
actual chemical compositions for 15 heats and esti- 
mated compositions for 10 heats. Only the signifi- 
cant heats were analyzed. However, past experience 
has shown that estimated analyses are always correct 
within a few points of carbon and silicon. 


RESULTS 

The effect of carbon and silicon percentages on 
the fracture of the 4 x 4 x 8 in. casting is listed 
on Table 2, and shown graphically in Fig. 3. Figure 3 
also shows the line representing the maximum solu- 
bility of carbon in austenite. The curve representing 
the maximum carbon and silicon contents which will 
produce a white fracture in the 4 x 4 x 8 in. casting 
is seen to be asymptotic to the 0 per cent. silicon line 
and the curve of maximum solubility of carbon in 
austenite. 

Increasing the carbon or silicon percentage from 
this base line in Fig. 3, in the region less than 
2.50 per cent silicon, will result in a slightly mottled 
fracture. Further increase will result in heavier mot- 
tle and finally a fully gray fracture. The base curve 
for carbon and silicon limits for gray fractures is also 
shown in Fig. 3. Carbon and silicon contents in ex- 
cess of those on this base curve will produce a gray 
fracture in the 4 x 4 x 8 in. casting. 

Silicon contents of greater than 2.50 per cent pro- 
duce an interesting result. From Fig. 3 it may be 
noticed that above 2.50 per cent silicon the base 
curves for white and gray fractures appear to be 
coincident. This means that a small increase in car- 
bon content changes the fracture from fully white 
to completely gray. 


BISMUTH EFFECT 


In order to produce heavy section malleable cast 
ings the base curve on Fig. 3 for white fractures must 
be raised to higher silicon and carbon contents. This 
is necessary in order to obtain sufficient graphitizing 
tendency on annealing. Ladle additions of bismuth 
have been used for this purpose in malleable found- 
ries, as reported in references.5.15 The effect of bis- 
muth additions to the metal may be seen in Fig. 4, 
the data for Fig. 4 being presented in Table 3. 

This curve represents the shift in base line brought 
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Fig. 3— Carbon and silicon content effect on 
the fracture obtained in the 4 x 4 x 8 in. casting 
showing the maximum carbon and silicon per- 
centages which will yield a fully white fracture, 
and the minimum carbon and silicon percentages 
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about by the addition of 0.01 per cent bismuth, ac 
cording to the procedure described earlier. The ef- 
fect of bismuth is seen to be much more pronounced 
at lower silicon contents than at higher silicon con- 
tents, according to Fig. 4. In fact, it appears that be- 
yond about 2.40 per cent silicon, little or no effect on 
the fracture will be obtained from 0.01 per cent bis 
muth addition. 

Fracture results on casting of an analysis just to the 
right of the curve for 0.01 per cent added bismuth 
appear to be identical to those just to the right of 
the base line curve when no bismuth is added. The 
effect of 0.01 per cent bismuth in the area of the 
shifted base line curve, presented in Fig. 4, is to 
change the fracture from very heavily mottled to fully 
white, or from completely gray to very lightly mot- 
tled. This may be noted by comparison of Figs. 
3 and 4. 

The effect of bismuth additions larger than 0.01 
per cent is shown in Fig. 5. In the compositions 
studied, bismuth in amounts of 0.02 to 0.10 per cent 
produced no greater effect than that obtained from 
0.01 per cent bismuth. Fracture results from these in- 
creased percentages of bismuth were similar to those 
of 0.01 per cent bismuth additions at corresponding 
carbon and silicon contents. 


TEMPERATURE OF BISMUTH 
ADDITION EFFECT 


The effect of adding bismuth at 2600F rather 
than 2750 F was studied with results reported in 
Table 4. Bismuth additions of 0.01 per cent at 2600 F 
resulted in gray fracture in heats 67, 68 and 70, 
whereas a lightly mottled fracture would be expected 
in heat 67 and a heavily mottled fracture would be 
expected in heats 68 and 70. Heat 67 had an analysis 
of 2.30 per cent C and 1.65 per cent Si, and would 
normally show a lightly mottled fracture from the 
addition of 0.01 per cent bismuth at 2750 F (Fig. 3). 

However, it had a gray fracture when the bismuth 
was added at 2600 F. Heats 68 and 70 had an analysis 
of 2.58 per cent C and 1.65 per cent Si, and would 
normally show a heavily mottled fracture from the 
addition of 0.01 per cent Bi at 2750 F. However, it 
had a gray fracture when the bismuth was added at 
2600 F. Thus, it is seen that the temperature of bis 
muth addition is exceedingly important in obtaining 
its full affect on raising carbon and silicon limits for 
mottling. 


WATER VAPOR EFFECT 


It has been previously reported that water vapor in 
the furnace atmosphere raised the base curve for a 


” 


white fracture in a 2.0 in. diameter bar.2 The effect 


of water vapor on the base line for white fractures in 
the 4 x 4 x 8 in. test casting is presented in the 
data in Table 4. Water vapor in the amount of 12 
grains cu ft of gas in a CO, Ny, atmosphere, heat 
No. 43, produced a lightly mottled fracture in an 
analysis of 2.10 per cent C, 1.63 per cent Si identical 
with that to be expected from 0.01 per cent Bi addi 


tion, as shown in Fig. 4. 
Heat No. 47, containing 2.14 per cent C and 1.40 
per cent Si, to which 25 grains water vapor/cu ft of 
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Hy Hacent 
Fig. 4 1 per cent Bismuth added on the 
base curve of maximum carbon and silicon percentages 
which will yield a fully white fracture in the 4 x 4 x 8 
in. casting 


TABLE 3— CHEMICAL ANALYSIS AND FRACTURE 
RESULTS OF HEAT POURED, 0.01 
PER CENT BISMUTH ADDED 


Chemical Analysis, &%1 


Heat No ; Si 





Fracture Results2 
1x48 in. casting 17, in. D. bar 
1.33* M 
1.39* M 
1.42° M 
2.00* M 
141* W 
1.03* M 
1.80° Ww 


1.30 WwW 
0.70 Ww 
1.90 WwW 
10 2.13 1.57° LM 
11 2.5 O.85* Ww 
1. Estimated chemical analyses unless marked with «an asterisk 
for which actual chemical analyses were obtained 
2.M mottled fracture; LM lightly mottled fracture; W 
100 per cent white fracture 





TABLE 4— CHEMICAL ANALYSIS AND FRACTURES, 
VARIOUS ADDITIONS 





Chemical Analysis, “1 Fracture Results? 


IXdxR in 


( Si Addition casting main D 


2.40% 1.30* 0.02 Bi M Ww 
2.36% 1.28 0.05 Bi M WwW 
240° 149° 0.10 Bi M 
241° 1.41° 0.10 Bi M 
2.11 1.65 0.05 Bi LM 
2.10% 163° I2gm H.O/cu ft gas LM 
2.19% 164° I2gm HLO/cu ft gas 
plus 0.010) Bi LM 
2.14% 140° 259m H.O cu ft gas Ww 
2.11 1.65 0.05 Bi ILM 
2.11 1.65 0.01 Big W 
2.30 1.65 0.01 Big G 
2 5% 1.65 0.05 Bi (, 
2 58 1.65 0.05 Bis HM 
9 58 1.65 0.05 Bi G 


Fstimated chemical analyses unless marked with an asterisk for 
which actual chemical analyses were obtained 

G vray fracture; HM heavily mottled fracture, almost 
gray; M mottled fracture; LM lightly mottled fracture 
WwW 100 per cent white fracture 

Bismuth additions made and castings poured at 2600 F com 
pared to normal procedure of adding bismuth and pouring at 


2750 I 
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Fig. 5— Increased Bismuth additions effect on the 
base curve of maximum carbon and silicon percentages 
with 0.01 per cent Bismuth added, which will yield a 
fully white fracture in the 4 x 8 x 8 in. casting. 


gas in a CO, - Ny atmosphere were added, produced 
a white fracture identical with that to be expected 
from 0.01 per cent Bi additions, shown in Fig. 4. Addi- 
tion of 12 grains water vapor/cu ft gas in a CO, - Ny, 
atmosphere and 0.01 per cent bismuth to heat No. 
46 of 2.19 per cent C, 1.64 per cent Si, produced a 
lightly mottled fracture identical with that obtained 
from water vapor alone or 0.01 per cent bismuth 
alone. 

Therefore, it would appear, that similar results can 
be obtained from a controlled amount of water vapor 
in the furnace atmosphere, as can be obtained from 
the use of bismuth additions in so far as mottling is 
concerned, Water vapor, however, has been proved to 
interfere with second stage graphitization.! 


SUMMARY 


Base line curves representing the maximum carbon 
and silicon content which will produce a white frac- 
ture in the 4 x 4 x 8 in. casting, and the minimum 
carbon and silicon content which will produce a gray 
fracture in the 4 x 4 x 8 in. casting have been pre- 
sented in Fig. 3. 

The effect of bismuth additions on the limiting car- 
bon and silicon contents for white fracture in the 
4 x 4 x 8 in. test casting has been shown in Fig. 4. 
Percentages of bismuth additions over 0.01 per cent 
have been shown to be of no value in reducing mot- 
tling in the 4 x 4 x 8 in. test casting insofar as ob- 
taining a white fracture is concerned. Too low a tem- 
perature of addition (2600 F) reduces the effective- 
ness of the bismuth additions. Water vapor has been 
shown to be as effective as bismuth in raising carbon 
and silicon limits for mottling, according to the melt- 
ing practices followed in this research. 

Future studies on the casting of heavy section mal- 
leable will be aimed at ladle additions and/or melt- 
ing practices that will raise the carbon and silicon 
limits for mottling above the base line curves pre- 
sented in this report. 
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This paper is the first annual progress report of 
this project. As such, it should be recognized that the 
various graphs and conclusions stated, represent the 
best analyses of the data obtained thus far and they 
may be modified if future work so indicates. 
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@ Free listing forms for the AFS 
Buyers Directory must be received 
at the offices of the American Found- 
rymen’s Society by Monday, June 15, 
according to a final warning issued 
by Curtis Fuller, directory manager. 

“We have sent every supplier on 
our records three complete mailings 
explaining the purpose of the Direc- 
tory,” Fuller explained. “A few of 
them have not yet returned the list- 
ing forms enclosed and we want to 
remind these companies that our ab 
solute deadline is June 15. 

“Any company missing this target 
date will not have another chance to 
be listed for two years.” 

The first AFS Buyers Directory will 
be published Sept. 15 and will be 
distributed free of charge to every 
foundry superintendent in the United 
States and Canada. Multiple 
will be distributed in larger foundries 

The Directory will be a hard-cov- 
ered book of 300 to 400 pages, size 
8-1/2 x 1]-1/2 in. It will list all known 
suppliers and all thei 
products, supplies and services, classi 


copies 


equipment 


fied and cross-indexed under more 
than 1000 specialized headings 

There will also be 
trade name indexes, a listing of dis 
trict sales offices and local distribu 
tors, and a considerable 
information on all the associations and 
technical societies in the metalcasting 
industry. 

This is the only Directory that has 
ever attempted to cover all suppliers, 
products, 
of the foundry industry. 

“We want to list everyone possible 
in the Directory 
listing will be extremely valuable to 
suppliers but because maximum com 
pleteness will make the Directory 
most useful to foundrymen,” Fuller 
explained. 

“We are 
listings sections on June 15 because 
each section is completely dependent 


two complete 


amount of 


services and trade 


names 


not only because 


forced to close the fre 


upon each other section; and once 
the printer starts to set type for the 
Directory, every 
name or product listing could only 


additional company 


be handled as an expensive printer’s 
alteration.” 
“Then, too, there’s always the extra 


time necessary to put hard covers 


AFS BUYERS 
DIRECTORY 


on approximately 12,500 books. We've 
had to put regular book covers on 
the Directory because of the rugged 
use we expect it will receive.” 

The American Foundrymen’s Soci 
ety has been developing the AFS 
Buyers Directory for more than a 
year and a half, after a survey of 
key foundry executives showed the 
need for such a compilation. Hitherto 
foundries have had ‘to depend on 
general purchasing directories 
are not specialized enough to serve 
foundry purchasing needs 

Most foundries had to maintain ex 
filing systems which rapidly 


which 


tensive 
became obsolete, were bound to be 
incomplete and had no cross-indexing 
arrangements. The AFS Directory will 
not only be cross-indexed but will be 
vastly more complete as far as sources 
of supply are concerned 

A further advantage of the Direc 
tory will be listings of local and re 
representatives 
warehouses and so on, listed 
betically by state under the name of 
the parent company. Many foundries 
specifically requested that such list 
ings be included in the Directory 

Advertisers in the Directory will 
product information in 


gional sales offices, 


alpha 


also provide 
a convenient form which will be cross 
indexed to company and page num- 
ber of ad. 

Advertising deadline for the Direc 
tory has been set as July 1. The 
staff is able to accept advertising 
plates for longer time than editor- 
ial copy bec ause only full page ads 
are permitted and can be handled 
as independent units 

“We are encouraging advertisers to 
provide catalog-type copy for their 
ads,” Fuller explained. “We 
this book to be consulted daily so it 


expect 
won't be as necessary for ads to at 
tract attention as much as to give 
maximum information and descrip 
tions of products. Ads will be read and 
consulted as a source of valuable in 
formation which the foundry super 
intendent or other purchasing execu 
tive will refer to and study just as 
if he were looking up a fact in the 
encyclopedia or dictionary. Our goal 
in developing this Directory is to 
make it of maximum value to the 


purchasing function in foundries 





Penn State Conference, June 25-27, Has 
Simultaneous Sessions and Sand School 


® Simultaneous gray iron, malleable 
iron, steel and non-ferrous sessions 
will be conducted Thursday after- 
noon, Friday morning and Friday 
afternoon at the three-day 2d Bien- 
nial Penn State Foundry Conference. 
Sand schools will be held Friday 
afternoon and Saturday morning. 

The conference will be held June 
25-27 at Pennsylvania State Univer- 
sity, University Park, Pa., in cooper- 
ation with the university. 

E. J. Biller, Vulean Mold & Iron 
Co., Latrobe, Pa., is conference chair- 
man. T. E. Eagan, Cooper-Bessemer 
Corp., Grove City, Pa., and H. C. 
Erskine, Aluminum Co. of America, 
Pittsburgh, Pa., are program co-chair- 
men. 

Aside from the technical program, 
Thursday's activities include both a 
luncheon and an evening picnic and 
mixer. A banquet will be held Friday 
night. 

Activities have been planned for 
ladies consisting of campus and area 
tours, exhibits and bridge. Ladies 
are also invited to the luncheon, pic- 
nic and banquet. 

Sponsors of the conference are 
the Central New York, Chesapeake, 
Eastern New York, Metropolitan, 
Northwestern Pennsylvania, Ontario, 
Philadelphia, Pittsburgh, Rochester 
and Western New York AFS Chap- 
ters with the Foundry Educational 
Foundation, Foundry Equipment 
Manufacturers’ Association, Conestoga 
Foundrymen’s Association, Lehigh 
Valley Foundrymen’s Association and 
Reading Foundrymen’s Association. 

The tentative program: 


THURSDAY, JUNE 25 
(Morning Session) 


8:00 am Registration, lobby, Hetzel Un- 
ion Building. 

12:00 noon Luncheon, ballroom, Hetzel 
Union Building. 
Toastmaster: C. W. Mooney, Olney 
Foundry, Link-Belt Co., Philadelphia. 
Speaker: Eric A. Walker, president, 
Pennsylvania State University. 


(Afternoon Sessions) 
GRAY IRON 


Chairman: J. Douglas Urick 
Foundry Co., Erie, Pa. 

1:30 pm Some Factors for More Profita- 
ble Foundry Operation; M. J. Kellner, 
Westinghouse Electric Corp., East 
Pittsburgh, Pa. 

2:30 pm Economical Founding of Duc- 
tile Iron Castings; C. W. Gilchrist, 
Cooper-Bessemer Corp., Mt. Vernon, 
Ohio. 
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4:00 pm Gating of Gray Iron Castings; 
John F. Wallace, Case Institute of 
Technology, Cleveland. 


MALLEABLE IRON 


Chairman: David Tamor, American 
Chain & Cable Co., Reading, Pa. 
1:30 pm Oxygen in the Malleable 
Foundry; John B. LaPota, Chemtron 
Corp., Chicago. 

3:00 pm Elevated Temperature Prop- 
erties of Malleable Iron; Lauriston C. 
Marshall, Link-Belt Co., Indianapolis. 


NON-FERROUS 


Chairman: S. A. Kundrat, James H. 
Matthews Co., Pittsburgh, Pa. 

1:30 pm Looking Ahead in the Non- 
Ferrous Foundry Industry; A. R. Bar- 
bour, Roessing Bronze Co., Pittsburgh, 
Pa. 

3:00 pm Preventing Casting Defects; 
Ray Cochran, R. Lavin & Sons Co., 
Chicago. 

4:00 pm Which Core Process in the 
Non-Ferrous Foundry; Charles E. 
Coulter, Archer-Daniels-Midland Co., 
Cleveland. 


STEEL 


Chairman: R. W. Zillmann, Pittsburgh 
Steel Foundry Co., Pittsburgh, Pa. 
1:30 pm Occurrence, Production and 
Uses of Quality Silica; L. G. Bur- 
winkel, Jr., Pennsylvania Glass Sand 
Corp., Pittsburgh, Pa. 

2:15 pm Sand Segregation; W. D. 
Chadwick, Manley Sand Co., Rock- 
ton, Ill. 

3:30 pm Cold Curing Type Binders; 
Frank H. Dettore, G. E. Smith, Inc., 
Pittsburgh, Pa. 

4:15 pm Moldable Exothermic Mate- 
rials; John E. Gothridge, Foundry 
Services, Inc., Columbus, Ohio. 


6:00 pm Picnic and Mixer, Penn’s Cave. 


FRIDAY, JUNE 26 
(Morning Sessions) 

GRAY IRON 

Chairman: T. E. Eagan, Cooper-Besse- 
mer Corp., Grove City, Pa. 

9:30 am Cupola Refractories; T. FE. 
Barlow, Eastern Clay Dept., Interna- 
tional Minerals & Chemical Corp., 
Skokie, Ill. 

11:00 am Use of Alloys in Gray Iron 
Melting; R. A. Clark, Union Carbide 
Metals Corp. Div., Union Carbide 
Corp., Cleveland. 


MALLEABLE IRON 

Chairman: Richard Zinn, 
Chain & Cable Co., York, Pa. 

9:30 pm Pearlitic Malleable as an En- 
gineering Material; Carl F. Joseph, 
Central Foundry Div., GMC, Sagi- 
naw, Mich. 

10:30 pm Malleable Gating and Design; 


American 


Richard E. Rosien, Eastern Malleable 
Iron Co., Wilmington, Dela. 


NON-FERROUS 

Chairman: W. J. Reichenecker, West- 
inghouse Electric Corp., East Pitts- 
burgh, Pa. 

9:30 am Engineering and the Future 
of Castings; Edgar Belkin, Westing- 
house Electric, East Pittsburgh, Pa. 

11:00 am Designing for Performance; 
the Designer-Foundry Team; J. How- 
ard Dunn, Aluminum Co. of America, 
Cleveland. 


STEEL 


Chairman: R. W. Zillmann, Pittsburgh 
Steel Foundry Co., Pittsburgh, Pa. 

9:30 am Utility of Sand Binder 230 
in Steel Foundry Molding Sands; John 
L. Dewey, Dow Chemical Co., Pitts- 
burgh, Calif. 

10:00 am Ferro Alloys—Production, Uses 
and Future Trends; E. R. Saunders, 
Union Carbide Metals Corp. Div., 
Union Carbide Corp., Cleveland. 

10:45 am Deoxidation Practice in Steel 
Foundries; John N. Ludwig, Jr., In- 
ternational Nickel Co., Pittsburgh, Pa. 

11:30 am Isotopes in the Radiography 
of Steel Castings; Mark Rosumny, 
Picker X-Ray Corp., Rochester, N.Y. 


SAND SCHOOL 


Chairman: Stewart A. Wick, New Jersey 

Silica Sand Co., Millville, N.J. 
:30-5:00 pm Sand Control in the 
Foundry; Earl Woodliff, consultant, 
Foundry Sand Service Engineering 
Co., Detroit. 
Panelists—Henry W. Meyer, General 
Steel Castings Corp., Granite City, 
Ill.; Larson Wile, Pangborn Corp., 
Hagerstown, Md.; Thomas C. Jester, 
Darling Valve & Mfg. Co., Williams- 
port, Va.; John Fuqua, Cooper Alloy 
Corp., Hillside, N.J.; Paul W. Green, 
General Electric Co., Foundry Div., 
Erie, Pa. 


6:15 pm Banquet, Hetzel Union Bldg. 
Toastmaster: C. W. Mooney, Olney 
Foundry, Link-Belt Co., Philadelphia. 
Speaker: Frank G. Steinebach, Pen- 
ton Publishing Co., Cleveland. 


SATURDAY, JUNE 27 
SAND SCHOOL 


Chairman: W. J. Miller, Frederic B. 
Stevens, Inc., Erie, Pa. 

9:30-11:30 am Sand Control in the 
Foundry; George Watson, American 
Brake Shoe Co., Mahwah, N.Y. 
Panelists—Edwin J. Richards, Bethle- 
hem Steel Co., Bethlehem, Pa.; Al- 
bert Gable, Meadville Malleable Iron 
Co., Meadville, Pa.; Frank T. Rich- 
ards, Oil Well Supply Co., Oil City, 
Pa.; W. S. Hodge, W. S. Hodge 
Foundry, Inc., Greenville, Pa. 





T&RI Summer Courses Scheduled 


For Chicago 


@ T&RI courses through the summer 
months will be conducted in Chicago. 
They include a wide range of sub- 
jects involving both instruction and 
demonstration presentations. 

Subjects covered from July through 
September include Metallography of 
Non-Ferrous Metals, Core Sand Prac- 
tice, Gating & Risering of Castings, 
Patternmaking and Product Develop- 
ment and Marketing. 


Non-Ferrous Metallography 


A demonstration course combining 
lecture courses and actual sample 
preparation, examination and analy- 
sis. Among the general topics will 
be physical metallurgy, metallurgy of 
aluminum alloys, macroscopic and 
metallographic analysis of copper-base 
alloys and metallography of magnesi- 
um alloys. 


Patternmaking 


Demonstration and _ instruction 
course dealing not only with wood 
and equipment considerations, but also 
plaster and plastic patterns. Other 
areas will be core blowing, core box 
design, shell mold and shell core pat- 
tern equipment. 


Gating and Risering 


Instruction course dealing with both 
ferrous and non-ferrous metals and 
includes not only specific recommen- 
dations for both metal classes but 
also general rules applicable to gat- 
ing and risering in general. 

Horizontal and vertical gating will 
be illustrated in movies, two based 
on AFS-sponsored research and one 
from the Institute of British Found- 
rymen. 


Product Development 


Instruction course emphasizing the 
various factors forcing continual prod- 
uct improvement, not only from com- 
peting fabrication methods but also 
from changing needs of customers. 
It also stresses how design, cost, qual- 
ity and service affect the future of 
the castings industry. 

Discussion will be devoted to the 
advantages of castings and casting 
design, pattern equipment and _ scelec- 
tion of the metal. 

Topics to be presented on market- 
ing include elements of marketing 
castings, planning, sales effort, adver- 
tising and new product development. 


1959 T&RI Courses 


July-Sept. 


Subject and Description Dates 


Metallography of Non-Ferrous Metals July 13-15 
Demonstration and work shop course for melters, supervisors, foremen, 
foundry engineers, researchers, laboratory technicians, metallurgists 
and design engineers. Basic metallurgy, terminology, phase diagrams, 
micro and macro analyses, mechanical properties based on metallo- 
graphic interpretation and heat treatment are studied. One day on 
demonstrations and workshop activities in the laboratory. Metal speci- 
mens are prepared and studied. Course MTY2A, $80, Chicago. 


Core Sand Practice Aug. 10-14 

Instruction covering all phases of materials, mixing and application. 
The advantages and disadvantages of new materials and methods are 
studied. Casting losses attributed to cores are analyzed for solutions. 
Designed for foremen, supervisors, technicians, engineers and manage- 
ment. Course SC1A, $90, Chicago. 


Gating & Risering of Castings 

Instruction course covering theory and practice on the various prob- 
lems relating to gating and risering. Metal flow, solidification phenom- 
ena, heat transfer, shrinkage, hot tears, ferro-static pressure, gate and 
riser design, mold wall movement and surface tension are some of the 
many facets covered. Intended for foremen, technicians, foundry engi- 
neers, industrial engineers and production and quality control person 
nel. Course GR1B, $60, Chicago. 


Patternmaking i Sept. 16-18 
Demonstration and instruction for patternmakers, foremen, supervisors 
trainees, purchasers of castings, suppliers and management—materials 
equipment, layout, allowances, construction techniques and_ recent 
trends. Emphasis placed on new materials, processes, techniques and 
their applications. Course PM1A, $80, Chicago. 


Producting Developments & Marketing ....Sept. 28-30 

Instruction course on product analysis from the design to the market 
ing of the finished product. Study will include: casting design, stress 
analysis, pattern selection, equipment, cleaning operations, cost an 
alysis, casting processes, engineering properties of cast metals and 
sales promotion. Scheduled for all types of foundry engineers, sales 
engineers, technicians, supervisors, metallurgists and management 
nel. Course GR1B, $60, Chicago. 


Payment of Tuition Fees should accompany 
enrollment application. Make all reservations 
ONLY with Director, AFS Training & Research 
Institute, Golf & Wolf Roads, Des Plaines, Ill. 
Tel. VAnderbilt 4-0181. 
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Chapter 
Officers 

Will Study 
AFS Program 


@ Coordination of activities between 
chapters and the Central Office will 
be discussed and planned at the 16th 
Chapter Officers Conference to be 
held June 11-12 at the Society Head- 
quarters in Des Plaines, Ill. and the 
Sherman Hotel, Chicago. 
Conferees_ will be 


divided into 


LLL LL LL LL LL LL 
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mational: news: 


groups at the Headquarters June 11 
to study various phases of the So- 
ciety program and will participate in 
general meetings at the hotel on 
June 12. 

Among the subjects to be cov- 
ered will be the technical program, 
AFS Training & Research institute, 
membership, Mopern Castincs, the 
Safety, Hygiene and Air Pollution 
Control Program, AFS finances, plan- 
ning chapter programs, planning re- 
gional programs and regional admin- 
istration meetings. 

Staff members will outline the ma- 
jor activities, emphasizing goals and 
progress made to date. A question 
and answer period will be held at 
each session at Headquarters and 
a general shakeout period will con- 
clude the program Friday afternoon. 


Advisory Group Urges Continuation 
of Rochester High Foundry Courses 


@ Maintenance and expansion of the 
foundry course at Edison Technical 
& Industrial High School, Rochester, 
N. Y., has been recommended by a 
Foundry Advisory Committee. Final 
action on the future of the course 
will be determined by the Rochester 
Board of Education and its Vocational 
Advisory Committee. 

The Foundry Advisory Committee 
was formed to study the advisability 
of continuing the school’s foundry 
program which has been maintained 
for several years. For some time its 
facilities have been housed in sep- 
arate quarters located at a distance 
from the main building which in- 
cludes the patternmaking shop. Class- 
es presently alternate monthly —be- 
tween the two buildings so that one 


of the shops is idle monthly. Also 
complicating the problem is the de- 
sire to disassociate the foundry class- 
es from the present building. 

Members of the committee sign- 
ing the recommendations were: Don- 
ald Webster, American Laundry Ma- 
chinery Co.; Charles E. Vaughn, and 
David B. Taylor, Ritter Dental Co., 
Alfred J. Murrer, Gleason Works, 
Inc. and Walter G. Brayer, Bausch 
& Lomb Optical Co. All members are 
from Rochester, N. Y. 

Others assisting 
were Harold W. Hershey, depart- 
ment head, metal trades, Edison 
Technical & Industrial High School; 
local foundrymen and_ patternmakers 
and AFS Education Director R. E. 
Betterley. 


the committee 


Continuation and expansion of the foundry and patternmaking at Edison Technical & Voca- 
tional High School, Rochester, N.Y., has been recommended by an advisory committee. Par- 
ticipants are Harold W. Hershey, head of the school’s metals trade department; Walter Brayer, 
Bausch & Lomb Optical Co.; David B. Taylor, Ritter Dental Co.; Donald E. Webster, American 
Laundry Machinery Co.; Alfred J. Murrer, Gleason Works, Inc.; Fletcher Miller, chief consultant, 


Board of Education 
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Groups to Start 
Training Survey 


B® A study of technical training needs 
of small foundries in the Cincinnati, 
Birmingham and Minneapolis-St. Paul! 
areas has been proposed. The pro- 
gram designed to promote training 
in the foundry industry, will be con- 
ducted through the cooperation of 
the U. S. Dept. of Labor, Bureau of 
Apprenticeship & Training and the 
education committees of the AFS 
chapters in these areas. 

Local groups will study types of 
training needed, recommend meth- 
ods for training and provide general 
stimulation and coordination of train- 
ing programs. This would include 
making use of the services of the 
AFS Training & Research Institute 
program, vocational schools, colleges, 
Bureau of Apprenticeship & Training 
and other agencies. 

This program was proposed at a 
meeting of the National Foundry 
Advisory Committee during Decem- 
ber in Washington, D. C., with repre- 
sentatives from the Bureau of Ap- 
prenticeship & Training. 

Attending were: AFS Director of 
Education R. E. Betterley; Roy A 
Gezelius, General Steel Castings 
Corp., Eddystone, Pa.; Charles T 
Sheehan, National Foundry Associa- 
tion, Chicago; P. E. Rentschler, Ham- 
ilton Foundry & Machine Co., Ham- 
ilton, Ohio; F. G. Steinebach, Penton 
Publishing Co., Cleveland; B. C. Year- 
ley, National Malleable & Steel Cast- 
ings Co., Cleveland. 


Sanders, Massari 
Madrid Delegates 


@ National Director Clyde A. Sanders, 
American Colloid Co., Skokie, TIIl., 
and AFS Technical Director S. © 
Massari have been named as official 
AFS delegates to the 26th Interna- 
tional Foundry Congress to be held 
Oct. 4-10 in Madrid, Spain. 


C. A. Sanders S. C. Massari 


AFS will sponsor two escorted tours 
to the International Congress. Details 
will be announced in future issues of 
MOopDERN CASTINGS. 





Instructors Seminar 


@ A combination of basic foundry 
principles and the latest in metal- 
casting techniques will be presented 
to secondary-level foundry and _pat- 
ternmaking instructors at the 4th AFS 
Foundry Instructors Seminar. 

Included in the three-day program, 
June 18-20, will be teaching aids, 
discussion of curricula, shop layout, 
laboratory facilities, casting methods, 
techniques and applications, in-plant 
training, career opportunities and an 
inspection trip. 

The Seminar is sponsored by the 
AFS Education Division and is to be 
held at the University of Illinois, Ur- 
bana, Ill, in cooperation with the 
school’s Division of University Exten- 
sion. 

Co-Chairmen for the Seminar are 


Radiation Manual 


@ Final drafts of the AFS Raptation 
PROTECTION MANUAL are under re- 
view by members of the AFS Safety, 
Hygiene & Air Pollution Control Steer- 
ing Committee and the Radiation 
Protection Committee. 

Purpose of the manual is to 
“develop and describe radiation pro- 
tection controls for the foundry in- 
dustry which will prevent injury, min 
imize medico-legal entanglements and 
provide a sound foundation upon 
which legislative controls can _ be 
built.” 

The book is divided into seven 
chapters and a glossary. These chap- 
ters and their contents are: 

Nature and Sources of Radiation 
in the Foundry—provides basic intor- 
mation about the characteristics in 
general, and describes the sources 
of radiation presently being used in 
foundries. 

Health Aspects of Radiation—con- 


Prof. Roy W. Schroeder, University 
of Illinois, Navy Pier, Chicago, and 
Vice-Chairman of the Education Di- 
vision; and Ralph E. Betterly, AFS 
Education Director. 

AFS in cooperation with the So- 
ciety’s chapters will assume all Semi- 
nar expenses of accepted conferees 
while in Urbana including hotel rooms, 
meals, programs, materials and found- 
ry inspection trip. 


THURSDAY, JUNE 18 

9:00 am—Registration (Illini Union Ball- 
room, second floor). 

10:00 am—Welcome and Orientation, R. 
E. Betterley, AFS Education Director 

10:15 am—Welcome to University, Dr 
Gordon Ray, Vice-President, Univer- 
sity of Illinois. (Castings in the future, 
new materials, applications, challenge 
to engineered castings). 

10:40 am—“AFS Activities,” A. B. Sin- 
nett, AFS Secretary, (Technical com- 
mittees, publications, T&RI, research, 


Now Under Review 


tains biological and medical informa- 
tion designed to dispel fears and gives 
an understanding of what is being 
protected against in a radiation pro- 
tection program. 

Control of Radiation in the Found- 
ry—has_ specific details and 
dures for the installation and use of a 
radiologically safe radiation facility 

Radiation Detection Instrumenta- 
tion—outlines the theory of radiation 
detection and counting and a de- 
scription of the use of this equip- 
ment in a foundry. 

Protection by Shielding and Dis- 
tance—describes the phenomena in 
volved in shielding and the formulae 
and empirical data required for cal- 
culating specific applications. 

Procedures for Handling and Use 
of Sources of Radiation—presents tec: 
niques developed by industries pio- 
neering radioisotope use wii exist 
ing regulatory guidelines. 


pre ce 








Congratulating national ap 
prentice winners was one of 
last acts by Lb. H. Durdin, 
AFS President 1958-59. First 
place winners shown in 
front are: Horst N. Prohaska, 
wood patternmaking; Stanley 
Graff, non-ferrous molding; 
Forest Wills, iron molding; 
L. S$. Uveges, metal pattern 
making; Robert Lord, steel! 
molding. Second place win 
ners are: Darrell A. Giles, 
wood patternmaking; Alfred 
A. DiRaimo, iron molding; 
Zane Holowachuk, metal 
patternmaking; James Fazio, 
steel molding. Missing was 
Ronald McConnville, non 
ferrous molding 








education, convention and exhibits) 

11:00 am—“Sand in the School Foundry,” 
V. M. Rowell, Harry W. Dietert Co., 
Detroit. (Selection, conditioning, con 
trol additives, equipment) 

1:00 pm—“School and Plant Liaison,’ 
R. A. Oster, Beloit Vocational & Adult 
School, Beloit, Wis. (Coordinating the 
school program, cooperative plans, ad 
vantages, school and industry respon 
sibilities) 

1:45 pm—“Ventilation for the School 
Foundry,” H. | Weber, Director of 
Safety, Hygiene and Air Pollution Con 
trol. (Equipment, safety, 
meeting requirements and dangers 
2:30 pm—“Wood Patternmaking in the 
School,” F. C. Cech, Max S. Hayes 
Trade School, Cleveland. (Basic prin 
ciples, teaching, levels of instruction 


methods, 


apprentice contest, coordination with 
the foundry) 

3:15 pm—“Administrative Problems in 
Setting Up School Foundries,” E. M 
Claude, Illinois Board of Vocational 
Education, Springfield, Ill. (Incen 
tives, foundry work in educational 
programs, resolving problems 
4:00 pm—Group Picture 
5:15 pm—Dinner and Field Trip, (In 
spection of Central Foundry Div 
GMC, Danville, Il.) 

FRIDAY, JUNE 19 

9:00 am—“Making Crucible Furnace for 
School Use,” Dr. C. G. Risher, West 
ern Michigan University, Kalamazoo 
Mich. (Materials, methods, cost, use 
and operation) 

10:00 am—Demonstration Workshops 
Orientation, Prof. J. L. Leach, Uni 
versity of Illinois 

10:20 am—Demonstration Workshop 
Briefs (Melting, molding coremaking 
COz and shell molding, sand testing 
wood patternmaking) 

1:00 pm—Demonstration Workshops 
3:00 pm—Pouring Instructions, Prof. J 
L. Leach 
3:15 pm—Pouring the Heat 
7:00 pm—Banquet, Urbana-Lincoln Ho 
tel. Guest Speaker, Wm. W. Maloney 
AFS General Manager 


SATURDAY, JUNE 20 
8:30 am—“Instructional Aids and Ma 
terials,” T. H. Boardman, Division of 
University Extension 
Illinois. (New development: materials 


University of 


methods, visual aids, demonstrations 
and applic ations 

10:15 am—Planning and Equipping a 
School Foundry 
“Selling the Program John Strange 
Sterling Township High School, Ster 
ling, Il 
“Shop Layout & Equipment 
Madru, Sherman High School, Chilli 
cothe, Ohio 
“Course of Instruction Andrew Bot 
toni, Milwaukee Vocational & Adult 
School, Milwaukee 
“Teaching the Program,” Robert Speer 
brecker, Wisconsin State 
of Vocational & Adult 
Madison Wis 

11:30 am—Shakeout 
wer period) 

12:00 am—Getaway Luncheon 
1:00 pm Evaluation Meeting 


Jose ph 


Dy partment 
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Twin City Seminar Attracts 


More 
Than 300 


J. Davip Jounson 
J. David Johnson Co 
Anoka, Minn 


® More than 300 current and _po- 
tential casting customers in the Min- 
neapolis-St. Paul Twin City area 
attended the second Biennial Engi- 
neered Castings Seminar presented 
by the AFS Twin City Chapter in 
cooperation with the University of 
Minnesota. Meetings were held on 
four consecutive Mondays in March 
at the University’s Mechanical Engi- 
neering Building, Institute of Tech- 
nology, Minneapolis. 

The Seminar was planned by the 
chapter’s seminar chairman, Frank S 
Ryan, St. Paul Brass Foundry, St. 
Paul, and aided by committee mem- 
bers John Entenmann, Northern Mal- 
leable Iron Co., St. Paul, Minn., John 
Wallfred, Minneapolis Electric Steel 
Castings Co., Minneapolis, and Dave 
Johnson, J. David Johnson Co., 
Anoka, Minn. 

All technical papers were directed 
toward casting buyers and designers 
and were linked to the theme “Eco- 
nomics of Engineered Castings.” The 
average attendance double that of 
the first seminar held in 1957. No 
fee was charged for the seminar. 

The opening session was devoted 
to “Proper Design and Specifications.” 
John B. Caine, consultant, Cincinnati, 
spoke on ferrous metals and William 
Ball, R. Lavin & Sons, Chicago, dis- 
cussed non-ferrous metals. 

“Customer-Supplier Relations,” was 
the topic at the second meeting in 
which Clinton C. Forster, Toro Mfg. 
Co., Minneapolis, spoke on the cast- 
ings customer point of view and Don- 
ald A. Moll, Minneapolis Electric 
Steel Castings Co., Minneapelis, gave 
the views of the castings producer. 

“Castings Economics” was the sub- 
ject of the third session. A round- 
table discussion was held, comparing 
castings to other metalworking proc- 
Advantages of the different 
processes were discussed. 

Members of the round-table were: 
N. E. Qualey, Northern Ordnance, 
Inc., Minneapolis; K. F. Potter, Amer 
ican Hoist & Derrick Co., St. Paul, 
Minn.; Phillip E. Gustafson, Minne- 
apolis Honeywell Regulator Co., Hop- 
kins, Minn.; Donald Fulton, Northern 


esses. 
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Frank $. Ryan, Twin City Casting Seminar chairman (left) checks on speakers about to discuss 


new casting processes. 


Crowd at one of four sessions of Twin City Casting Seminar co-sponsored by the AFS Twin 


City Chapter and the University of Minnesota. 


Malleable Iron Co., St. Paul, Minn. 
A film, “Photo Elastic Studies of 
and Weldments,” produced by the 
Steel Founders’ Society completed 
the third program. 

Five specialists in various casting 
ficlds discussed “What Do New Proc- 
esses for Producing Castings Accom- 
plish,” at the final session. 

Participants and their subjects: 
Arthur Johnson, Northern Malleable 
Iron Co., St. Paul, Minn., “Better 
Dimensional Control of Castings Cav- 
ities Through the Use of Shell and 
COz Cores;” Merle Weltzin, Progress 
Foundry, Inc., St. Paul, Minn., “Close 
Tolerances and Excellent Surface 
Finishes for Semi-Production and Pro- 
duction Runs of Aluminum Castings 
through Permanent Molds;” Lynn 
Charlson, Char-Lynn Co., Minneapo- 
lis, “High Production Zinc and Alu- 
minum Castings Via the Die Casting 
Process;” Wayne A. Wright, Woodruff 
& Edwards, Inc., Elgin, Ill., “Dimen- 
sionally Controlled, Improved Sur- 
face Finish, Low Cost, Small, Fer- 
rous and Non-Ferrous Castings 
through Shell Molding;” Clayton 
Brace, Inc., Minneapolis, “Small Pre- 
cision Castings through Investment 
Process Result in Lower Tooling 
Costs.” 


j 


J. B. Caine, foundry consultant, and Twin 
City Chapter Chairman Robert J. Mulligan get 
down to cases at Twin City Castings Seminar. 


Twin City Casting Seminar chairman Frank S. 
Ryan appears as mock referee between cast- 
ing producer A. Donald Moll on left and 
casting buyer Clinton C. Forster on right 





Northeastern Ohio Chapter 
Sponsors Aluminum Workshop 


@ High school foundry and pattern- 
making instructors in the greater 
Cleveland area on March 24 attend- 
ed an aluminum foundry workshop 
sponsored by the Education Commit- 
tee of the AFS Northeastern Ohio 
Chapter. 
Apex Smelting 
Co., Cleveland, 
was host to the 
workshop which 
was directed by 
Edward Trela, 
Apex research 
metallurgist. 
Included in the 
program were 
demonstra- 
tions and work sessions in melting, 
fluxing and pouring of aluminum al- 
loys in sand and permanent mold 
castings. Quality control and inspec- 
tion castings as well as pressure die 
cast-methods were also demonstrated. 


St. Louis Chapter 
Conducts Spring Dance 


@ More than 200 St. Louis Chapter 
members and their wives attended 
the annual spring dance held March 
11 at the Norwood Hills County Club. 


San Antonio Section 
Has Two Films During April 


@ Two films were shown at the April 
meeting held at Alamo Iron Works, 
San Antonio, Texas. Thirty-one mem- 
bers and guests attended. 

“Segregation of Sands” showed ex- 
periments in sand storage and trans- 
fer and how segregation was pres- 
ent each time sand is moved. Various 
methods were shown to minimize 
the mixing of sand sizes. 

“Take It Away” illustrated various 
types of slings and their uses. 


Tri-State Chapter 
Discusses New Foundry Methods 


@ New methods in foundry opera- 
tions were discussed at the April 
meeting by a five-man panel head- 
ed by moderator R. W. Trimble, 
Bethlehem Supply Co., Tulsa, Okla. 

The speakers and their subjects: 
L. L. Clark, Fansteel Metallurgical 
Corp., Muskogee, Okla., “Metallur- 
gy;” Dale Davis, Oklahoma Steel 


chapter 
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Castings Corp., Tulsa, Okla., “Me- 
chanical Maintenance;” J. O. Crider, 
Bethlehem Steel Co., Tulsa, Okla., 
“Safety and Accident Prevention;” 
James E. Reedy, Hill & Griffith Co., 
Birmingham, Ala., “Sand Develop- 
ment;” Lloyd M. Rose, M. A. Bell 
Co., St. Louis, “Equipment and 
Tools.” —Leslie O’Brien 


British Columbia Chapter 

Casting Inspection for Profit 

@ Non-destructive testing should be 
used to develop the proper pattern- 
making and casting techniques and 
used thereafter as a control measure 
or selected sampling rather than for 
100 per cent inspection of finished 
products. This advice was given at 
the April meeting by Kermit Skeie, 
Magnaflux Corp., Los Angeles. 

He stressed that the tests should 
be performed as early as possible in 
the work schedule to avoid costly 
cleaning and machining. Skeie pro- 
vided design hints to decrease stress 
concentration and weight. 

—A. W. Greenius 


Metropolitan Chapter 

What is Expected of Castings 

@ What is expected of a casting was 
outlined by a three-man panel at 
the April meeting. J. W. Foster, buy- 
er, Ingersoll-Rand Co., emphasized 
the importance of quality, service, 
delivery and cost. 

Albert W. Mead, engineer, Grum- 
man Aircraft Corp., pointed out pos- 
sible future uses of castings if air- 
craft standards could be met. 

William H. Baer, Department of 
Army, Fort Belvoir, Va., stressed the 
importance of correct gating and ris- 
ering methods and the knowing of 
all of the requirements applicable 
prior to production.—C. H. Fetzer 


Twin City Chapter 
Hears Talk on Pressure Molding 


@ Improvements in green sand found- 
ries attainable through high pressure 
molding techniques can produce im- 
proved quality and __ productivity 
needed to meet today’s competition 
said W. F. Adams, Eastern Clay 
Dept., International Minerals & Chem 
ical Corp., Skokie, Ill. 

However, Adams emphasized that 
careful investigation must be made 
by foundrymen prior to acquiring 


pressure molding equipment. The 
three requisites of pressure molding 
are: good pattern practice with 
strong, rigid, accurate flasks; high 
moldability sand only somewhat dif- 
ferent from a typical synthetic green 
sand; and a molding pressure ot 
means to get satisfactory mold hard- 
ness on vertical mold walls near the 
parting.—J. David Johnson 


Northeastern Ohio Chapter 
Designing for Serviceability 


@ Factors to consider in designing a 
product include strength require- 
ments, corrosion resistance, rigidity, 
pressure tightness, finish and sound 
ness, among others. Of these, the foun- 
dryman has control over only a few, 
said J. H. Dunn, Aluminum Co. of 
America, Cleveland, at the March 
meeting. 

Experience in casting production 
eases the foundryman’s job because 
such knowledge enables him to avoid 
designs which require complicated 
molding operations. 

Dunn described briefly the devel- 
opment laboratory and staff of his 
firm and its procedures in developing 
suitable casting designs. A motion pic 
ture depicted field testing of a com- 
bination of an aluminum forging and 
an aluminum casting for suspension 
of tandem rear axles for trucks. 

Edwin Bremer 


Michigan Regional Oct. 8-9 


@ The 1959 Michigan Regional Con 
ference will be held Oct. 8-9 at the 
Pantlind Hotel, Grand Rapids, Mich 
David I. Jacobson, Grand Haven 
Brass Foundry, Grand Haven, Mich 
is Conference Chairman. Vernon J. 
Sadler, General Foundry & Mfg. Co., 
Flint, Mich., is program chairman. 


Central Ohio Chapter 

Education in the Foundry 

@ Apprentices entering local and na 
tional competition gain more than 
mere mechanical skills, said B. D 
Claffey, Dayton Malleable Iron Co., 
Dayton, Ohio, in 

addressing the 

April meeting. 

Among the other 

benefits are integ- 

rity, ambition, de- 

sire to improve, 
pride in accom- 
plishment 
willingness to co 

operate. Claffey 

predicted a bright future for appren 
tices, pointing out that many of the 
challenges facing apprentices are the 
same as those facing the foundry in 


Joseph A. Riley, Jr 


and 


dustry. 


June 1959 * JY 





Kermit Skeie, Magnaflux Corp., shown on left, 
meets with Program Chairman Fred Young, 
Chapter Chairman Leon Morel and Vice-Chair- 
man Vern Rowe prior to the start of the 
Washington Chapter April meeting. Skeie dis- 
cussed “Casting Inspection for profit.” 


Seated at head table during March meeting 
of Western New York Chapter are: Chapter 
Director W. J. Mosler, Economy Pattern & 
Pressure Cast Products; Chapter Publicity 
Chairman Donald Krueder, Foundry Services, 
Inc.; G. F. Goetsch, Sterling Industries, Inc 


T. W. Curry, Lynchburg Foundry Co., Lynch- 
burg, Va., spoke to the March meeting of the 
Piedmont Chapter on “Shop Methods and 
Control of Ductile Iron Castings.” He illustrat- 
ed standard procedures and innovations used 
in the process. Detrimental effects and inhibi- 
tors of quality in ductile iron castings were 
—H. R. Fisher 


reviewed 


Technical Chairman A. Litzau, Carondelet 
Foundry Co., St. Louis, introduces John Chah- 
bandour, Carrier Conveyor Corp., Louisville, 
Ky., who addressed chapter in April on vi- 


brating conveyors —Vince Boemer 


modern castings 
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Northeastern Ohio Chapter 
April Meeting Has Two Speakers 


@ Two speakers were featured at the 
April meeting held at the Tudor Arms 
Hotel. 
R. A. Clark, 
Electromet Div., 
Union Carbide 
Corp., Cleveland, 
spoke on “Solid- 
ification and Heat 
Treatment of 
Gray Iron, Duc- 
tile Iron and Al- 
loy Iron.” Clark’s 
talk, also given 
during March at the chapter's tech- 
nical symposium of cast metals, was 
presented at the chapter’s April meet- 
ing in response to requests. Alex Bar- 
czak served as technical chairman. 
The second speaker was M. K. 
Young, U. S. Gypsum Co., Chicago, 
who spoke on “Plaster and Plastics 
Materials for the Foundry Industry.” 


Central New York Chapter Vice-Chairman 
Bruce R. Artz, Pangborn Corp., Syracuse, 
N.Y., admires birthday cake presented at 
February meeting. Others are William Thomas, 
Straight Line Foundry & Machine Corp. and 
Edward Fieseinger, Jr., Crouse-Hinds Co., both 
of Syracuse,N.Y. 


Attending April meeting of Central Indiana 
Chapter left to right: Frank Button, Haynes, 
Stellite Co., Kokomo, Ind.; Chuck Everhart, 
Central Foundry Div., GMC, Danville, Ill; 
Warren Ballintine, Haynes Stellite Co., Koko- 
mo, Ind.; and John Hastings, Electrometal- 
lurgical Co., Indianapolis. —Wm. R. Patrick 


Human engineering was discussed at the Ten- 
nessee Chapter meeting by W. M. Ball, Jr., 
R. Lavin & Sons, Inc., Chicago. Shown are 
Regional Vice-President Karl L. Landgrebe, Jr., 
Wheland Co., Chattanooga, Tenn.; speaker 
Ball; Tennessee Chapter Chairman W. L. Austin, 
U. S. Pipe & Foundry Co., Chattanoga, Tenn.; 
Chapter Vice-Chairman Charles E. Seman, 
Crane Co., Chattanooga, Tenn 


Wayne Watson, (right) Olney Foundry Div., 
Link-Belt Co., Philadelphia, congratulates and 
presents Philadelphia Chapter’s award to For- 
rest Wills. Wills of Olney Foundry, won first 
place in iron molding the AFS Robert E. Ken- 
nedy Memorial Apprentice Contest 

Leo Houser and E. C. Klank 


Unidentified beast in center fails to see the 
humor expressed by Dr. D. E. Cutler, J. S 
McCormick Co., Pittsburgh, Pa., (center) and 
Texas Chapter Chairman Harold Judson, Uni- 
versity of Houston. Picture taken at Texas 
Regional Foundry Conference.—O. J. Myers 


Richard C. Meloy, marketing director, Gray 
Iron Founders’ Society, spoke at the March 
meeting of the Philadelphia Chapter outlining 
how castings can be better marketed. In pho- 
to: speaker Meloy; Technical Chairman M. E. 
Neeley, Jr., Dodge Steel Co., Philadelphia; 
Chapter Chairman T. R. Walker, Jr., U. S 
Pipe & Foundry Co., Burlington, N. J 





W. F. Adams addressing Twin City Chapter in 
April on pressure molding. —J. David Johnson 


Plaques were awarded past chairmen of the Texas Chapter at the Texas Regional Foundry 
Conference held in March. Former chairmen and their years of office: C. R. McGrail, 1949-50; 
Jake Dee, 1948-49; E. P. Trout, 1945-46; F. M. Wittlinger, 1943-45; J. M. Bird, 1951-52; E. C. 
Brown, 1957-58; J. R. Hewitt, 1955-56; E. W. Wey, 1954-55; M. W. Williams, 1947-48; W. A. 
Bearden, 1956-57; P. B. Croom, 1952-53. 


Lindsay Cooper, Canada Iron Foundries, Ltd 
and a member of the entertainment commit 
tee, presents Mrs. John Hughes with flowers 
at the Ontario Chapter’s Annual Ladies Night 
held in April Vincent H. Furlong 


F. M. Wittlinger, first chairman of Texas 
Chapter (left) presents past chairman’s plaque 


h _ : 
New England Chapter President William Ohl to H. H. Judson, chairman 1958-59. 


son, Draper Corp., Hopedale, Mass., (left) 
congratulates April speaker Dr. Charles P. 
Kindlerberger, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. In center is W. 
Scott Lattimer, president, Student Chapter at 
M.1.T. Kindleberger, speaking at the meeting 
held in the Sloan Building at M.1.T., discussed 
“Changing Patterns in U.S. Foreign Trade.” 
Included was a discussion of international 


trading in metals, fabricated and cast parts 
made in the United States. Kindleberger 
stated that the heavy goods industries are 
constantly affected by this changing scene 

—J. H. Orrok and F. W. Holway 


N. W. Maloon, Jr., Meloon Bronze Foundry, 
Syracuse, N.Y., holds plaque he received on 
being inducted into past chairman’s club 
Others are William Nader, Oberdorfer Found 
ries and a past chairman; and chairman R. J. 


Denton. —Carl Diehl 


Central New York Chapter Chairman R. J. 


Denton, Denton Refractory Service Corp., 
Syracuse, N.Y., cuts cake marking chapter's 
25th anniversary. Others are William Mader, 
Oberdorfer Foundries; H. J. Weber, AFS Di 
rector of Safety Hygiene & Air Pollution 
Control and Chapter Vice-Chairman Bruce R 
Artz, Pangborn Corp., Syracuse, N.Y 


Northwestern Pennsylvania members at the 
March meeting heard T. W. Curry, Lynch 
burg Foundry Co., Lynchburg, Va., discuss 
“Shop Method and Control of Ductile Iron 
‘ Shown are: Chapter President W. $ 
Hodge Foundry, Inc., Greenville, Pa.; speaker 
Curry and Technical Chairman W. R. Me- 
Cracken, Cooper-Bessemer Corp 


Castings 


Grove City 


Attending New England Chapter’s April meet 
ing are A. M. Nutter, president, Gray Iron 
Founders Lewis W. Greenslade, 
Brown & Sharpe Mfg. Co., Providence, R.1.; 
Richard C Meloy, marketing director, Gray 
Society; Charles F. Walton, 
technical director, Gray lron Founders’ Socie 


ty —J. H. Orrok and F. S. Holway 


Society 


lron Founders’ 


Henry E. McWane, Lynchburg Foundry Co 


Lynchburg, Va holds bell presented by 


Chapter Chairman D. E. Matthieu, far right 


Wysong & Miles, Co., Greensboro, N.C. Bell 
emblematic of Af 


years nembership in 


AFS. Others in p r re Andre Renard, 
Glamorgan Pipe & Foune Ce 


Lyncht wg 
Va.; and W. W. Levi, Lynchburg Foundry Co 
H.R. Fisher 
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Western New York Chapter officers and committee for annual spring dance. Standing: Vice- 
Chairman A. J. Heysel, Robert D. Young, Gerald Goetsche, Chairman L. B. Polen, William Moser 
and Phil Block. Seated: Mrs. Young, Mrs. Goetsche, Mrs. Polen, Mrs. Mosler and Mrs. Block. 

—Don Krueder 


Participants in Philadelphia Chapter’s educational program tour Philadelphia Coke Co. facilities. 
Shown in front row are: far left, E. X. Enderlein, chairman of the chapter’s education com- 
mittee; fourth from right, guide H. Cluley; second from right, guide H. DeHoll; far right, 
Ed Saks, foundry instructor, Dobbins Vocational and Adult School, Philadelphia.—Leo Houser 


Representing Dodge Steel Co., Philadelphia, at Philadelphia Chapter meeting are (front row): 

V. Stampone, J. Mooney, J. Fitzgerald, M. Neeley, Jr. Back row: R. J. Johnston, Chapter photog- 

rapher Leo Houser, R. J. Campbell, A. S. Breithaupt, Chapter Vice-Chairman E. A. Zeeb. 
—Leo Houser, Ed Klank 
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Chicago Chapter 

Conducts Simultaneous Sessions 
@ Simultaneous sessions for five of 
the chapter’s divisions were conduct- 
ed at the April meeting. 

Irwin Lubalin, Shaw Process De- 
velopment Corp., Port Washington, 
N. Y., discussed “Shaw Process for 
Casting Dies and Permanent Molds.” 
He stressed the wide range of sizes 
now being produced by the process 
and also exhibited missile and _air- 
craft castings made in tool steels 
and super alloys. 

J. F. Wallace, Case Institute of 
Technology, Cleveland, spoke on 
“Gating and Risering of Gray Iron.” 
He outlined the principles for both 
gray iron and ductile iron castings 
Methods of actually calculating gat- 
ing and risering systems for specific 
castings were also covered. 

Art Johnson, Northern Malleable 
Iron Co., St. Paul, Minn., brought 
foundrymen up to date on “Shell 
Cores and Their Practical Use.” He 
based his talk on problems encoun- 
tered by Northern Malleable and 
how they were solved. He also em- 
phasized the closer tolerances now 
possible and how they can be ob- 
tained. 

Franz Bergquist, National Malle- 
able & Steel Castings Co., Cicero, 
Ill., spoke on “General Foundry Main- 
tenance Problems,” outlining a main- 
tenance program for speed reducers, 
sand handling equipment, belt con- 
veyors, shakeout and sand mullers 

F. W. Boulger, Battelle Memorial 
Institute, Columbus, Ohio, addressed 
the steel session on “Effects of He 
and Ne on Ductility and Porosity 
of Castings.” He pointed out that 
hydrogen is picked up from refrac- 
tories and furnace atmospheres and 
precipitates as a gas. Nitrogen is 
picked up from furnace atmosphere 
and precipitates as an intermetallic 
compound. Nitrogen is a_ potent 
strengthening agent and lowers duc- 
tility. Nitrogen helps to control grain 
size and can be used to improve 
Charpy transition temperatures. 


How Others 
Are Doing It 


Chapter Programs 





A theme is selected for the 
entire years program by the 
Northeastern Ohio Chapter with 
each technical session dealing 
with the some phase of the 
theme. The chapter recommends 
that the program be completed 
in June for the following year 
so that speakers are assured. 
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JUNE 


Central New York . . June 20 . . Hiner- 
wadel’s Grove, N. Syracuse, N.Y. 
Clam Bake. 


Chesapeake . . June 5 Hagerstown, 
Md. . . Plant Visitation to Pangborn 
Corp. and Fairchild Engine & Aircraft 
Corp. 


Cincinnati District . . June 8 . . Walnut 
Grove Country Club, Dayton, Ohio 
Golf Outing and Picnic. 


Detroit . . June 27 . . Glen Oaks Coun- 
try Club . . Annual Golf Outing. 


Mexico . . June 29 . . Ave. Chapultepec 
414, Mexico, D.F. . . R. Jauregui, Aceros 


Tepeyac S.A., “Practical Metallography.” 


Northeastern Ohio . . June 27 . . Bar- 
berton Brookside Country Club . . An- 
nual Outing and Golf Party. 


Northern California 
Sequoia Country Club . 


June 13 ‘ 
. Ladies’ Night. 


Oregon . . June 17 . . West Linn Inn, 
West Linn, Ore. Plant Tour, Crown 
Zellerbach Paper Corp. 


Pittsburgh 
Golf Club . 


.. June 8 . . Churchill Valley 
. Annual Golf Party. 


Saginaw Valley . . June 6 I.M.A. 
Lodge, Potter’s Lake . . Annual Outing. 


. June 12. . Rodger 
. Past 


Southern California . 
Young Auditorium, Los Angeles 
President’s Night. 


Fredonia Hotel, 
Family Week 


Texas . June 6 
Nacogdoches, Texas 
End. 


Western New York . . June 20. . Sturm’s 
Grove, Buffalo, N. Y. Annual Stag 
Outing. 


JULY 
Philadelphia . . July 17 . . Manufacturers 


Golf & Country Club, Oreland, Pa. 
Annual Summer Outing. 


Wisconsin . . July 24 . . Annual Outing. 


Plaster and plastic materials for the foundry 
were discussed at the April meeting of the 
Northeastern Ohio Chapter by M. K. Young, 
U. S. Gypsum Co., Chicago. Shown are: Don 
Hartman, Cove Pattern Works, Cleveland; 
Eldon Whiteside and M. K. Young, U. S. Gyp 
sum Co.; John Roth, Cleveland Standard Pat- 
tern Co. Harold Wheeler 


Speaker Samuel F. Carter, American Cast Iron 
Pipe Co., Birmingham, Ala. (left) and techni 
cal chairman Harold L. Kurtz, Empire Steel 
Castings, Inc., Reading, Pa., shown at April 
meeting of Philadelphia Chapter. Carter spoke 
on “Electric Furnace Melting,” discussing 
factors affecting quality 

—Leo Houser and E. C. Klank 


aie a 


AI 


J. E. Haller, James B. Clow & Sons, Coshocton, Ohio, chairman of the Central Ohio chapter 


apprentice contest, presents $25 check to Arlen Munsey, Ohio Steel Foundry Co 


Springfield, 


Ohio, Ist place winner in the pattern competition. Others are Darrell Sickle, Ohio Steel Foundry 
Co., 2d place, pattern competition; Willie Gaines, Ohio Steel Foundry Co., Ist place steel 
molding; Charles Jewell, Burnham Corp., Zanesville, Ohio, Ist place, gray iron molding; Robert 
Ruff, Alten Foundry & Machine Works, Inc., Lancaster, Ohio, 2nd place, gray iron molding. Not 


shown is Robert Higgins, Cooper-Bessemer 


Corp., Mt 
molding. First place winners received $25 and second place winners $15 


Vernon, Ohio, 3d place, gray iron 


Joseph A. Riley, Jr 


More than 350 foundrymen and their wives attended the Ontario Chapter’s Annual Ladies Night 


held in April at the Seaway Hotel, Toronto, Ont 


Chuck Bateman, Hamilton Facing Mill Co 


Ltd., was the entertainment chairman. Shown at left are Mr. & Mrs. W. Bain and Mr. and Mrs 


Vincent H. Furlong. Bain is superintendent 


Canada lron Foundry and Furlong, Foundry 


Services (Canada) Ltd., is the chapter publicity chairman 


Philadelphia Chapter Chairman T. R. Walker, Jr. 
the U. S. Pipe & Foundry Co., Burlington, N. J 


(second from left, last row) with 21 men from 


Walker is resident manager of the plant. The 


group attended the April Philadelphia Chapter meeting 
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let's get personal 


Continued from page 22 


Corp., Detroit, is now production man 
ager, Hamilton Standard Div., United 
Aircraft Corp., Windsor Locks, Conn 


Alex D. Barezak and Lloyd W. Leese- 
berg .. . have been elected as directors 
of Superior Foundry, Inc., Cleveland 
Leeseberg replaces Warren W. Brown 


C. E. Gillespie is now vice-president of 
Debevoise-Anderson, Inc., Boston, with 
his office in Philadelphia. He is a mem 
ber of the AFS Philadelphia Chapter 


J. N. Ludwick . . . purchasing agent 
Universal-Rundle Co., Camden, N.J., 
and a member, AFS Philadelphia Chap 


ter, has retired. 


D. MacBrien . . . was recently promoted 
to general sales manager, Philadelphia 
Coke Div., Eastern Gas & Fuel Asso 
ciates. He holds a membership in the 


AFS Philadelphia Chapter 


J. Lanning . . . president, Perseverance 
Iron Foundry, Philadelphia, has announx 

ed his retirement. He is a member, AFS 
Philadelphia Chapter. P. Lanning, former 
secretary-treasurer, will assume duties as 
president. 


John M. Perkins . . . formerly promo 
tion manager of the American Car & 
Foundry Division, ACF Industries, has 
Circle No. 167, Page 141-142 been named as director of industrial 





product sales. 


F O R WA R D D U M p B A R R Oo WwW S Luis Valdivieso . . . has been trans 
~via eo nage Page o> Posen ie 
for FOUNDRIES 
SS 


Central American territory for Mexico 
Refractories Co., Mexico, Mo. 


Karl K. Breit . . . now heads sales 
engineering department for Richard C 
Remmey Son Co., Philadelphia, subsid 
iary of A. P. Green Fire Brick Co 
Mexico, Mo 








No. 102-A Barrow. Single steel wheel 
with 2” face, 16” diameter and 12 spokes. C. D. Matthews — has been elected 
as president, Standard Buffalo Foundry 
Co., Buffalo, N. Y. Other officers ar 
vice-president, Charles Matthews; s« 
retary-treasurer, John W. Burns. 





George Costas . . . formerly foundry 


No. 113-A Pte ee . 
Here are two well-balanced charging Wheel- 7 Barrow. Two manager, Studebaker-Packard Co., is 


barrows for heavy duty foundry service. ; steel wheels now foundry plant manager, Curtiss 
Handle loads up to 1000 Ibs. Sturdy, welded with 2” face, Wright Corp., Metals Processing Div 

- . : ° ’ . : , 18” diameter Buffalo. N. ¥ 

all-steel construction. Single wheel or double y and 10 spokes. nn 

wheel. Available with zero pressure cushion “ 

type wheels or 4 ply pneumatic tired wheels Write for literature. Tom Weidig . . . has been promoted 
with roller bearings. Immediate shipment. to superintendent, foundry engineering 


STERLING NATIONAL INDUSTRIES, Inc., Milwaukee 14, Wis., U. S. A. ————— 


Founded 1904 as Sterling Wheelbarrow Company 


L. N. Schuman will head the new 
product engineering department, Indus 
trial Div., National Malleable & Steel 


Castings Co., Cleveland. His position will 





entail conversion of competing materials 


FOUNDRY EQUIPMENT 


Circle No. 168, Page 141-142 
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“We use only one chrome—refined chrome”’ 


Iron and steel foundry operators are cutting chromium costs 
by using ELecrromMet’s new low-cost refined chrome 

for all high-carbon chromium additions. Inventory, handling 
and storage are greatly simplified by stocking only this one 
high-carbon chromium alloy. It is ideal for use as: 

e A charge material for basic-melted stainless steel. 

@ Final additions for alloy steel castings. 

e@ Cupola or ladle additions for cast iron. 


Refined charge chrome combines the economy of regular charge 


chrome with the maximum cleanliness and low residual 
element content of conventional high-carbon ferrochrome 
For facts on how refined chrome can reduce your costs 
contact your UNION CarBIpDE METALS representative 


Union Carsipe Metacs CoMPANy, Division of Union 
Carbide Corporation, 30 East 42nd Street, New York 17, N. ¥ 


j 


rhe term Electromet ind “Union Carbide are registered trade 


Circle No. 169, Page 141-142 





Convenient 20- and 40 a pigs of refined 
chrome are magnetic, allowing easy handling 
with an electromagnet. Crushed — size are 


available for ladle additions 


Electromet Brand Ferroalloys 
and other Metallurgical Products 





Heavy duty vibration inducer 
SOLVES COKE UNLOADING PROBLEMS 


This light weight vibrator 
100 


removal of 


has been proved 
effective for 


coke from hopper cars. 


High-amplitude vibrations 
* Shock and spark proof ° 
Pneumatically driven * 
Quiet operation * Precise 
control through a range of 
a few cycles per second to 


60 cycles per second 


Starts wet or dry materials moving—and keeps them flowing from railroad 
cars, massive hoppers, bins, chutes or conveyors. Pneumatically driven, the 
CCVP operates at low-noise level in all frequencies. Portable, with its own 
mounting clamps, unit can be mounted in any position or angle convenient to 
the job. Unconditionally guaranteed to give satisfaction. 


°**Vibrolator” is Martin Engineering's registered trade mark for its vibration inducers and vibrator 


HECOSSOTICS 


WRITI CATALOG TT-29 


155 Aman Ave. Neponsef, Illinois 


range of sizes “pocket watch” to the most powerful 


CALL YOUR DISTRIBUTOR OR FOR FREI 


MARTIN ENGINEERING COMPANY 


*Vibrolator” 
hand-portable 


vibrators are available in a wide 
unit built 
Circle No. 171, Page 141-142 
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let’s get personal 
Continued from page 116 


to malleable iron, pearlitic malleable and 
steel castings. Lovell Shockey will suc- 
ceed D. L. Griffith as sales manager, 
Cleveland Works, Griffith will become 
sales coordinator. 


J. W. Higley is the new district 
representative for the Buffalo territory, 
Foundry Equipment Co., Cleveland. 
J. L. Patterson has been appointed dis- 
trict representative for the Philadelphia 
territory. 


L. W. Wagners appointment as 
Augusta district manager has been an- 
nounced by Pangborn Corp., Hagers- 
town, Md. He is a veteran in the blast 
cleaning and dust control fields and has 
been with the firm since 1926. 


G. N. Wright has joined Solon 
Foundry, Inc., Solon, Ohio, as director 
of sales. 


obituaries 


Frederick W. McWane, assistant to the 
president, Lynchburg Foundry Co., 
Lynchburg, Va., died March 3. He was 
a civic and church leader, associated in 
official capacities with educational and 
public institutions, and was fatally strick- 
en while addressing a Junior Chamber of 
Commerce meeting. 


Dr. Marcel Ballay, Centre d' Information 
Du Nickel, Paris, France, died recently. 
He was an official French delegate to the 
1952 International Foundry Congress held 
in Atlantic City. 
George E. Dalbey, 72, who moved to 
Florida after retiring from the Mare Is- 
land Naval Shipyard, Mare Island, Calif., 
died March 5 at his home in Lake Wales, 
Fla. He was the author of many techni- 
cal papers presented at AFS Conven- 
tions and active in the Northern 
California Chapter 


Was 


William C. Baud, plant superintendent, 
Mechanical Foundry Div., Food Ma- 
chinery Co., Los Angeles, died March 
17 at Downey, Calif. He was Chairman 
of the AFS Southern California Chapter 
1955-56 


C. Kenneth Flagg, superintendent, kin- 
caid Osburn Electric Steel Co., San An- 
tonio, Texas, has died 


vice-president, Crucible 
Corp., Milwaukee, died 


A. J. Dempsey, 
Steel Casting 
recently. 


E. O. Fattmann, sales 
General Refractories Co., St. 
died. 


representative 
Louis, has 





THE PERPLEXING PROBLEM OF HARD SPOTS 


Another costly mystery solved—by the man from Kaiser Aluminum 


THE PUZZLING FACTS. An aluminum foundryman 
recently made a disturbing discovery: his castings con- 
tained many inclusions and hard spots. These made 
the castings very unsatisfactory. In addition, they were 
difficult to machine—and caused excessive wearing of 
tool bits. 


HOW THE CASE WAS SOLVED). It was a frustrating 
problem. But the man from Kaiser Aluminum found the 
fault: ineffective fluxing and degassing techniques were 
being employed. When these were corrected, the hard 
spots disappeared and production returned to normal. 


WE LOVE A MYSTERY. This is one of many actual 
cases solved by Kaiser Aluminum working with a cus 
tomer. Perhaps you have a mystery one of our technical 
engineers might help solve? He’s ready to give you expert 
advice on any casting problem—including mold and die 
design, alloy selection, heat treatment, finishing, fluxing, 
metal transfer. 


FULL ALLOY AVAILABILITIES. Kaiser Aluminum 
can supply you fast with a wide selection of casting alloys 
to suit any engineering requirement—from general pur 

pose, low stressed alloys to high purity alloys having 
good properties at elevated temperatures 

FOR PIG AND INGOT with a free sleuthing bonus, call 
your nearest Kaiser Aluminum sales office now. Or write: 
Kaiser Aluminum & Chemical Sales, Inc., 919 N. Michi 

gan Ave., Chicago 11, Illinois 


KAISER 
| ALUMINUM 


THE BRIGHT STAR OF METALS 


MAVERICK . inday Eve ABC-TV Network ¢ C sit y 


Circle No. 172, Page 141-142 
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Build Your self 


i! Fe ae 

Lab technician 
receives drill- 

ing samples 

from melting "! 
floor, 300 ft > 
away. \ . 
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- Foundry, Columbus, Ind., has reduced the 
time needed for analysis of cupola drillings approxi- 
mately 65 per cent. The speed-up was made possible 
by a “did it themselves” delivery system which speeds 
samples through a two-inch pneumatic tube a dis- 
tance of 300 ft to the second-floor chemistry labora- 
tory—in just seven seconds. 

Golden Foundry was fortunate in being able to 
purchase a quantity of used pneumatic conveyor tub- 
ing, elbows, discharge and entry gates and cartridges 
from a firm engaged in dismantling and removing this 
equipment from an old huilding. Cartridges were the 
type formerly used in department stores to transmit 
sales slips, currency and change from counter to cash- 
ier. However, any smooth, thin-wall tubing having a 
two-inch diameter could probably be adopted to do 
the job. Any competent sheet metal worker can make 
suitable cartridges. 

The blower (used in this instance as an exhauster) 
had been unused for years. A blower speed of around 
850 rpm is obtained from a one-hp, 1800-rpm electric 
motor salvaged from a discarded portable belt con- 
veyor. 

The sample drilling station is in chartroom No. 2 
(Fig. 1). A worker puts drillings into a small enve- 
lope and inserts it in a cartridge which he introduces 
into the pneumatic conveyor through a hinged door 
or gate (D). 

Seven seconds later a technician in the chemistry 
laboratory, 300 conveyor-feet from the drilling station 
and 20 feet higher in elevation, removes the sample 
at E. (Fig. 2) and starts routine analysis. 

Three to 20 minutes later, depending on total re- 
quirements, the chemist completes his analysis. He 
encloses the written report in one of the cartridges 
and inserts it at either B or F, depending upon 
which cupola is in operation that day. The cart- 
ridge then reaches the melting floor at either C or G. 

Originally, air entered the pneumatic conveyor sys- 


120 * modern castings 





Pneumatic 
Messenger 


By 
KeirH L. Porrer 
Modern Castings 


me. 1... + Sam 
ple cupola drill- 
ings begin 7- 
second journey 
to laboratory. 





tem from the chemical laboratory, B. In the winter 
this warm air with its higher water vapor content 
was chilled when drawn through the outside pipe, 
(B, E, F to G, D, C), presenting problems in water 
condensation. 

Extending the air-intake pipe outside the lab build- 
ing, B to A, solved the problem of temperature drop 
and accompanying condensation. A tee at discharge 
point G connects the blower intake to the conveyor 
tubing. This arrangement induces negative pressure 
throughout the tubing system starting at entry A. 

Before the pneumatic conveyor was installed, one 
man spent half his working hours carrying samples 
at 15-minute intervals from the melting floor to the 
laboratory. Moreover, errors incurred in telephone 
communication of lab results to a moderately noisy 
melting floor location were not uncommon. 

Golden Foundry officials estimate that original cost 
of their pneumatic conveying system is returned sev- 
eral times a year in labor savings. Maintenance has 
been negligible, and cost of operation is limited to 
operating the one-hp motor. 

Of even greater importance, closer metallurgical 
control results from reducing the time lag between 
sampling and receipt of results. 
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13-minute industrial x-ray film processing 


New Kodak Industrial X-Omat Processor 





can save you time and money 


Kodak extend into the darkroom itsell 
Ihe Kodak N-Omat Processing 


Svstem ives tripe ind cuts cost 


You'll want the complete story. 


Kodak offers you automation in film directly into the processor | 


processing—radiographs of uniform Industrial X-ray Film, ‘Type AA and 


high quality, dry and ready to read ype M—sheet films or continuous 


in 13 minutes. lengths from 70mm to 17 inches wide 


Film hangers are eliminated. Ex- go through the system at 
2 inches of the 


ey Lie he 
posed films are merely removed from per minute. And only Send for the folder that gives all 


the film exposure holders and fed units 10-foot 10-inch length need the details. 


X-ray Division—EASTMAN KODAK COMPANY-=—Rochester 4, N.Y. 
Use this coupon NOW for more information 


EASTMAN KODAK COMPANY, X-ray Division, Rocheste1 N. ¥ 


| Send the names of the Kodak Ind 


Industrial X-Omat Processor + X-Omat Processor dealers in my area 


istrial 


[| Send the folder about the Kodak 
L 
Name____ 


Firm Name 


Firm Address (Street) 


po ro-—— 
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AFS BUYERS 
DIRECTORY 


(First issue Sept. 15, 1959) 


The only complete Buyers 
Directory serving the 
Metal Casting Industry 


ACT NOW 


Advertising deadline July 1 





FOUNDRYMEN ASKED FOR IT! 


. . « Because no general directory covers 
the more than 1,000 specialized prod- 
ucts used by their industry. 


. . . Because there are more than 3,000 
trade names of these products. 


. . « Because they need a comprehensive 
directory. 


BUYERS WILL USE IT! 


. . « Because in one handy hard-covered vol- 
ume it will provide more information 
than whole filing cabinets of obsol 
cent material. 


. . « Because it is planned and organized to 
support the purchasing function. 


. Because it will be sent to every foundry 
superintendent in the U.S. and Canada. 
Multiple copies to larger foundries. 
Because these are the men with the 
buying influence—who spend an esti- 
mated $2'2 billion dollars annually. 


BE THERE WHEN THEY MAKE 
THEIR BUYING DECISIONS! 


The AFS Buyers Directory will have two 
years of life. This is your last chance to 
advertise until 1961! Reserve space now. 


AFS BUYERS 
DIRECTORY 


published by 

American Foundrymen’s Society 
Golf and Wolf Roads 

Des Plaines, Illinois 


tan ° 
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Build an idea-file for improvement and profit. 
The post-free cards on the last page 





Radiograph processing . . . of medical x- 

ray film is subject of bulletin describing 

new processing unit. Eastman Kodak Co. 
Circle No. 37, Page 141-142 


Electronic computer . . . and allied equip- 

ment was put into service by foundry. 

Case history offered to you for the asking. 

Remington Rand Diwv., Sperry Rand Corp. 
Circle No. 38, Page 141-142 


Gating and risering . . . refractory folder 
includes complete file of company’s 
strainer cores. Louthan Mfg. Co. 

Circle No. 39, Page 141-142 


Coreblower . with automatic push- 
button control fully explained in bulletin 
No. 5016. Beardsley & Piper Div., Petti- 
bone Mulliken Corp. 

Circle No. 40, Page 141-142 


Foundry sand . . . brochure discusses pro- 
duction facilities for 24 grades of sand. 
Wedron Silica Co. 

Circle No. 41, Page 141-142 


Laboratory safety . . . involving use of 
chemicals is one of many articles in com- 
pany’s publication. Union Carbide Chem- 
icals Co., Div. Union Carbide Corp. 

Circle No. 42, Page 141-142 


Vibrating screens . . . booklet No. 2777, 

48 pp, describes line which manufacturer 

claims is largest in world. Link-Belt Co. 
Circle No. 43, Page 141-142 


Pneumatic sand scrubber . . . covered in 
new bulletin, yours when you circle 
number below on Reader Service card, 
last page. 

Circle No. 44, Page 141-142 


Training courses . . . pertinent to every 
type of metalcasting work are offered by 
the AFS Training and Research Insti- 
tute. For free brochure covering all 
courses offered, circle number below on 
Reader Service card, last page. Ameri- 
can Foundrymen’s Society. 
Circle No. 45, Page 141-142 


Corrosion data . . . on alloys produced 

by this company offered in 40-p booklet 

showing penetration rates for the alloys 

in 250 corrosives. Haynes Stellite Co. 
Circle No. 46, Page 141-142 


Floating zone method . . . of metal re- 
fining and crystal growing reportedly 
produces ultra high purity semi-conduc- 
tor materials and metals. Company pub- 
lication includes this and other articles 


will bring more information . . . 


on high frequency induction heating. 
Lepel High Frequency Laboratories. 
Circle No. 47, Page 141-142 


Automation . . . enables Michigan found- 
ry to pour 150 automobile V-8 engine 
blocks per hour. Use the circle number 
below to request free tear sheet from 
Mopern Castincs. American Foundry- 
men’s Society. 

Circle No. 48, Page 141-142 


Shell molding lubricants . . . described 
in bulletin covering both hot coating 
and cold coating methods. Nopco Chem- 


ical Co. 
Circle No. 49, Page 141-142 


Light reflectors . . . said to control arti- 
ficial light with maximum efficiency 
featured in illustrated booklet detailing 
finishes, service, specifications and per- 
formance of aluminum reflectors. Alumi- 


num Co. of America. 
Circle No. 50, Page 141-142 


Metalcasting technology . . . experts have 
written many books and manuals which 
are available through AFS. A complete, 
classified list is yours when you use the 
circle number below. American Foundry- 
men’s Society. 

Circle No. 51, Page 141-142 


Cobalt . . . discussed in quarterly publi- 
cation devoted to cobalt and its uses. 
Issue No. 1, includes abstracts of recent 
technical articles dealing with cobalt. 
Centre D’Information du Cobalt, Brus- 
sels. 

Circle No. 52, Page 141-142 


Cost control . . . pointers are listed and 
discussed in bulletin. Small Business Ad- 
ministration. 


Circle No. 53, Page 141-142 


Clamping tools . . . catalog acquaints 
reader with application, construction, 
specification and price data on over 
400 items. Wilton Tool Mfg. Co. 

Circle No. 54, Page 141-142 


Iron foundry alloys . . . covered in bro- 
chure detailing composition, uses and ad- 
vantages of 31 alloys. Vanadium Corp. of 
America. 

Circle No. 55, Page 141-142 


Material handling . basic concepts 
are outlined in revised publication, 16 


Continued on page 124 











“OLIVER” No. 12 Hand Planer and Jointer 
has tilting front table for planing draft 


Front table tilts sideways up to 5 degrees, en- 
abling the pattern maker to obtain the draft on 
every straight piece of wood that passes through 
his hand. Available in 20”, 24” or 30” width 
planing capacity. Heavy bed, mounted on two 
cabinet columns, dissipates all vibration and 
allows maximum footroom for operator. Send for 


free folder giving technical details, 


OLIVER MACHINERY COMPANY 
GRAND RAPIDS 2, MICHIGAN 


“OLIVER” — famous for Precision Machinery 
Circle No. 175, Page 141-142 





* 


rat 


Risoik 


Accurate Rockwell readings 
with PORTABLE hardness tester 


Perfect for on-the-job production testing of both parts 
and stock materials, because it weighs just 3 lbs. 
6 oz., gives accurate readings at any angle. Requires 
no set-up time, eliminates need for carrying large 
pieces to test bench or cutting test samples. Uses 
standard indentors and loads so no scale conversions 
are necessary. Rockwell scales A, B, C, D, E, F, G, 
H and K available as standard. 


FOR A DEMONSTRATION .. . WRITE DEPT, MC-659 





Riehle TESTING MACHINES 


A DIVISION OF is 
American Machine and Metals, Inc. 
BAST MOLINE, 1, o 
" Girele No. 176, Page 141-142 


ats) Amal mie a 
abrasives costing you? 


It’s easy enough to find out. 
Here’s all you do: 


1. Call an ASG representative. 

2. Have him supply you with our simple-to- 
use Abrasive Cost Record form. There’s no 
charge for these. 

3. Keep the necessary records for a repre- 
sentative period of time. 

4. Let our ASG engineer analyze your cost 
records, as well as your equipment, with 
a view to economy and efficiency. 


This easy four-step process will tell you how 
much your abrasives are costing you. 

And this Engineering Service might well save 
you hard dollars. 


Why not call us today? 


a@e> 


ABRASIVE SHOT & GRIT COMPANY INC. 
888 CAROLINA STREET 
SPRINGVILLE (Erie County) NEW YORK 
Phone: Lyceum 2-2816 Teletype: Springville NY 502 
manufacturers of BLASTRITE quality abrasives 
Circle No. 177, Page 141-142 
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for the asking 


Continued from page 140 


pp. Material Handling Institute, Inc., 


Educational Div. 
Circle No. 56, Page 141-142 


Ancient casting . . . of India. Iron pillar 
with interesting history and _ significant 
composition discussed in free tear sheet 


photographs. Whiting Corp. 
Circle No. 61, Page 141-142 


Management aids . . . published by the 
United States Government offer valuable 
assistance to those in responsible posi- 
tions in small business. Following is a list 
of bulletins available when you circle the 
appropriate number on the Reader Serv- 
ice card, last page. 


dustry are available from AFS. Circle 
number below for complete listing. Amer- 
ican Foundrymen’s Society. 

Circle No. 70, Page 141-142 


free reprints 


@ The following reprints of feature arti- 
cles which appeared in Moprern Cast- 





iNcs are available to you free of charge. 
Use the Reader Service card, last page. 


How to Analyze Your Own Business 


from Mopern Castincs. Use the Reader 
Circle No. 62, Page 141-142 


Service card, last page. American Foun- 
drymen’s Society 


Circle No. 57, Page 141-142 Developing sound production 


standards 
Circle No. 63, Page 141-142 


Molybdenum 

elevated temperature properties is sub 

ject of free reprint from Moprern Cast- 

incs. American Foundrymen’s Society 
Circle No. 71, Page 141-142 


effect on gray iron 


Index . . . to 1958 Mopern CastIncs. 
Lists the subjects, titles and the authors 
of all important information published 
during last year. American Foundrymen’s 
Society. 

Circle No. 58, Page 141-142 


Office Mechanization for Small 
Industry 

enews Carre Calcium carbide injection process 

discussed as it relates to the foundry 

industry in article reprinted from Mop- 

ERN Castincs. American Foundrymen’s 

Society. 

Circle No. 72, Page 141-142 


Term Loans in Small Business 
Financing 


Shaw Process . . . explained in bulletin Circle No. 65, Page 141-142 


which illustrates applications of precision 
casting technique. Circle the number be- 
low on Reader Service card, last page, to 
get your copy. Shaw Process Develop- 
ment Corp. 

Circle No. 59, Page 141-142 


Economics in Lubrication 
Circle No. 66, Page 141-142 
Centrifugal pumps . . . in sand reclama- 


tion system help minimize maintenance 
costs. Read about it in your free Mop- 
ERN CASTINGS reprint—yours when you 
circle number below on the Reader Serv- 
ice card, last page. American Foundry- 
men’s Society. 

Circle No. 73, Page 141-142 


Making a Marketing Survey 
Circle No. 67, Page 141-142 


Ductile iron . . . alloys described and 
specifications listed in bulletin. Vanadium 
Corp. of America, 

Circle No. 60, Page 141-142 


Care of Hydraulic Systems 
Circle No. 68, Page 141-142 


Streamlining Office Systems in 
Small Business 
Circle No. 69, Page 141-142 Automatic moisture control . . . of sand 
discussed in reprint from Moprern Casrt- 
iNcs. American Foundrymen’s Society 
Circle No. 74, Page 141-142 


Charging equipment . . . booklet, 28 pp, 
details complete mechanical charging 
equipment systems for foundries. Con- 
tains full color product and application 


Tape recordings . . . of technical talks 
on many facets of the metalcastings in- 


Save Money with RUDOW 
STRAINER CORES 


. HOLTZMAN 
METAL CO. 


SMELTERS AND REFINERS 
SINCE 1900 


>>> >>> 


HOLMCO 


SSS SS 





GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifica- 
tions IMPROVED WITH FACTOR “X”! 
Send us a sample order! If you want to 
improve the quality of your finished 
products at no additional cost... let us 
show you what HOLMCO ingot, im- 
proved with Factor ''X’’ can mean to you! 


Custom Made « Will Duplicate Your Sample or 
Drawing ¢ Unlimited Design Range ¢ High Heat 
Resistance « Extra Hard « Saves Time—Trouble 










RUDOW quality Strainer Cores cut rejects, cut 
costs, keep castings free of oxides, slag and im- 
purities—simplify gaiting control and metal flow, 
for greater production. We offer you Free Sam- 
ples of RUDOW Strainer Cores—made like your 
sample, or from your drawing. Write today — or 
phone MAin 6-1163. 


RUDOW MANUFACTURING CO. 


2602 Venice Rd. « P.O. Box 2121 * SANDUSKY, OHIO 


SEND 
FOR FREE 
BULLETINS, 





5223 McKISSOCK AVE., ST. LOUIS, MO. 
CHestnut 1-3820 
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Set your own pace to modernization--- 


mechanize step by step 
with LINK-BELT equipment , 





will help you with it, will gladly counsel with you or your 
consultants. Write our Executive Offices for color-sound 
film, “Foundry Flexibility,” showing the benefits of mech- 
anization. It will be lent on request. 


"MALL or large foundries can modernize systematically 
with the help of Link-Belt planning . . . perfected 

through 50 years of serving foundries. Industry’s broad- 

est line of conveyors and preparation machinery allows 


you to add equipment where it’s needed most . . . piece 
by piece at your own pace. LI N K: = E L : 
Start anywhere! Whether it’s the handling of sand, 
cores, molds, castings . . . or a complete system—Link- 
, rtd deere CONVEYORS AND PREPARATION MACHINERY 
Belt will furnish and install equipment that results in 


‘ . nial . LINK-BELT COMPANY Executive Offices, Prudential 
lower costs, more efficient operation, better working 


Plaza, Chicago 1. To Serve Industry There Are Link- 
sonditions. . ) Bele Plants and Sales Offices in All Principal Cities, 
. . = P . P “, / Export Office, New York Australia, Marrickville 

For best results, step-by-step mechanization requires “ (Sydney); Brazil, Sao Paulo; Canada, Scarboro 
(Toronto 13); South Africa, Springs. Representatives 


a sound, long-range program. Our foundry specialists Versashoat tue World a 


> 
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View of Gray tron Pallet System. Pallets can 
be easily moved over rails by hand. Left: 
Plant Engineer Robert H. Clarke. Right: Scale 
mounted on fork truck weighs each component 
of charge. 


ENGINEERING APPLICATIONS PAY OFF AT 


INCREASED EFFICIENCY 


BETTER CONTROL 


LOWER COST 


DALTON FOUNDRIES 


To obtain faster, more efficient, production in the company’s gray iron 
foundry, Robert H. Clarke, Plant Engineer at Dalton Foundries, Inc., Warsaw, 
Indiana, designed a pallet system. This flexible system allows molders to 
work two hours before pouring needs to begin. Cooling time can be varied 
to suit the job and pallets can be easily moved over rails by hand. No 
bottom boards are used and the handling formerly required to bring them 
back to the molders has been eliminated. The pallet system provides flexi- 
bility for both production and jobbing type work. 


When bond and water are added to sand during mulling, the bond must 
be thoroughly combined with water to be effective. Plant Engineer Clarke de- 
signed a system to pre-mix water and bond, and pump the mixture into a storage 
tank where it is stirred continually. From the storage tank, small amounts of the 
mixture are metered into a tank by a timer. Compressed air then blows this 
metered amount into the muller at the correct time. This system has resulted in 
better control of sand, faster mulling cycles, and easier handling of materials. 


At the Dalton Foundries the old wheelbarrow method used to charge the 
cupola required seven men. Clarke designed a scale which could be mounted 
on the front of a fork truck to weigh each component of the charge as it was 
loaded into a drop-bottom tub on the truck. After it is loaded, the fork truck 
delivers the material to the charging bucket. This simple, and inexpensive en- 
gineering change reduced the labor requirement to three men instead of the 
seven previously required. 


You can help create a source of engineering talent for the foundry industry by participating 
in the FEF program as a contributing member. 


Foundry Educational Foundation 


1138 TERMINAL TOWER BUILDING e CLEVELAND 13, OHIO 
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Space contributed by Modern Castings as another service to the metal castings industry. 
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CLEVELAND 


L ABRASIVE oat | Abrasive 
- sjivered 
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Simple arithmetic and common sense establish the 
pattern. It’s simply a matter of making high quality, 
long-lasting abrasives. The less you use, the more 
money you save. Take Cleveland High-strength ‘‘A”’ 
iron shot and grit. Greater abrasive life and decreased 
machine maintenance costs offset any minor increase 
in initial costs. Bargain prices cut no ice .. . ever. 


Prove to yourself the savings you get from this, 
and other, Cleveland Metal Abrasives. Write—and 
ask for our new abrasive cost system, which our 
engineers can quickly establish for each machine, at 
no cost to you. 


Also write us today for more information, together 
with new catalog No. 159, or call our nearest rep- 
resentative. 


CLEVELAND is the name and the place for PERSUASIVE ABRASIVES 





1. Realsteel Shot and Grit 2. Pearlitic Malleable 3. Normalized 
4. "A" lron 5. Hi-Strength ""B"”’ 6. Chilled Iron 7. Cut Wire 











the CLEVELAND metal abrasive company 


GENERAL OFFICE: 888 East 67th Street © Cleveland 3, Ohio * PLANTS AT Howell, Michigan; Toledo; Cleveland 


World's Largest Production Capacity Teletype: CV 901 
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1. Settling test (as shown) demonstrates 


that ANKORITE 65 remains longer in 
suspension, a valuable characteristic 
of a hot-setting mortar. ANKORITE 
65 in the graduate on the left, shows 
no settling, while ordinary mortar 
in the other tube has settled con- 
siderably in the same time. 


ANKORITE 65 spreads smoothly and 
well, making uniform joints of the 
thickness desired. 


View of malleable furnace wall of 
high-quality super-duty fireclay brick 
laid with ANKORITE 65. The unusual 
resistance of this mortar to severe 
slagging action and erosion is illus- 
trated by the joints which extend 
beyond the brick. 


Harbison-Walker i 


The IL @W WIDELY-USED bonding’ mortar 


>more refractory « more workable « more durable 
for super-duty and high-alumina brick 


The protruding mortar joints of the furnace 
wall in the photograph illustrate the excep- 
tional durability of ANKorRITE 65. This 
shows a portion of a malleable furnace wall 
of high-quality super-duty fireclay brick 
laid with this mortar. As is obvious, after 
the normal period of service, the mortar 
has been less eroded than the brick. 

ANKORITE 65 is a high-alumina heat- 
setting mortar which develops a strong 
ceramic bond of high resistance to slag 
corrosion and to severe erosion of metal 
and slag at high temperatures. 


ANKORITE 65 is used with splendid results 
for laying bottom blocks and linings of 
blast furnaces up to the mantle. It is par- 
ticularly suited for laying various alumina- 
silica brick linings of transfer ladles, for 
electric furnace roofs, and for malleable 
and air furnace side walls and bottoms. 
The good workability of this mortar lends 
itself to easy trowelling or dipping in secur- 
ing strong impervious joints. In some appli- 
cations it is used with benefit for protective 
coatings by spraying or brushing. 


Leadership in refractories through constant research 


Harbison-Walker Refractories Company 


AND SUBSIDIARIES 


World’s Most Complete Refractories Service 


GENERAL OFFICES: PITTSBURGH 22, PENNSYLVANIA 
Circle No. 183, Page 141-142 





VOLCLAY BENTONITE 


veceececeo NEWSLETTER No. GQ.------00- 


REPORTING NEWS AND DEVELOPMENTS IN THE FOUNDRY USE OF BENTONITE 


A Source Of Inclusions 


The illustration shows the puzzlement of foundry person- 





nel in attempting to properly identify “dirt”. 


It is known that “dirt” is most generally not associated with 


the actual source of an inclusion. 


One source of inclusions may be from strainer cores. 





Strainer cores are placed in a gating system to eliminate 


slag, sand and “dirt”. 


A poor strainer core may be the direct cause of 





inclusions. The photo shows clearly that this 
strainer core could erode easily upon pressure of 


hot flowing metal. 


This strainer core has been rammed too softly. 





One must be critical of poorly prepared strainer cores. There are too many voids for metal to seek. The 


Poor strainer cores are dangerous to foundry practice 
and careful control should be established in their manu- constant ferro-static pressure. 


facture. 





strainer core is entirely too brittle to withstand 








ARE YOU ON OUR MAILING LIST ? 
TO RECEIVE EACH MONTH THE LATEST FOUNDRY DATA ® 


AMERICAN COLLOID COMPANY 


SKOKIE, ILLINOIS « PRODUCERS OF VOLCLAY AND PANTHER CREEK BENTONITE 
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NATIONAL CASTINGS COUNCIL . . 
has elected the following to office: 
President, RK. L. Gilmore, Superior Steel 
& Malleable Castings Co., Benton Har- 
bor, Mich.; Vice-President, A. M. Nut- 
ter, E. L. LeBaron Foundry Co., Brock- 
ton, Mass.; Secretary, F. G. Steinebach, 
Penton Publishing Co., Cleveland; Treas- 
urer, F. R. Fleig, Smith Manufacturing 
Co., Cleveland. 


AMERICAN SOCIETY FOR METALS 
. has named A. R. Putnam as man- 
aging director. The post is a new one 
created following the death of W. H. 
Eisenman, executive head of the society 
for 40 years. Putman was previously 
assistant executive secretary of the 
American Society of Tool Engineers. 


DUCTILE IRON SOCIETY . . held its 
first election of officers in Chicago dur- 
ing the recent AFS Castings Congress. 
The officers are: President, R. S. Thomp- 
son, H. P. Deuscher Co., Hamilton, 


R. S. Thompson 


Ohio; Vice-President, William Beatty, 
Morris Bean Co., Yellow Springs, Ohio; 
Secretary-Treasurer, R. K. Guise, Kuhn’s 
Bros. Co., Dayton, Ohio; Executive Sec- 
retary, J. H. Lansing. 


BRASS & BRONZE INGOT INSTI- 
TUTE .. has published results of a re- 
search program sponsored by the organ- 
ization which investigated 16 mechanical 
and physical properties of three stand- 
ard copper-base alloys. 


SOCIETY OF DIE CASTING ENGI- 
NEERS . . has elected the following to 
office: President, D. L. Rockwell, Clif- 
ford-Rockwell Co., Detroit; Vice-Presi- 
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dent, E. R. Mason, American Mold 
Engineering Co., Charlevoix, Mich., Sec- 
retary, E. R. Mason; Treasurer, M. R. 
Tenenbaum, Lester-Phoenix, Inc., De- 
troit. 


FOUNDERS’ SOCIETY OF 
. has elected D. L. Hall, 


STEEL 
AMERICA . 


D. L. Hall 


Oklahoma Steel Castings Co., Tulsa, to 
a three-year term as national technical 
and operating chairman. 


GRAY IRON FOUNDERS’ SOCIETY. . 
has announced that the deadline for 
entries in the 1959 casting design con- 
test is June 30. 


INVESTMENT CASTING INSTITUTE 

. sponsored a successful Design and 
Application Clinic at Santa Monica, 
Calif., in cooperation with the Califor- 
nia Investment Casters Society. Over 
200 design engineers, metallurgists, pur- 
chasing executives and other casting 
users’ representatives attended the pro- 
gram. 


MALLEABLE FOUNDERS SOCIETY 
. . has announced the following winners 
in the Annual Safety Self-Improvement 
Contest: Dalton Foundries, Inc., North- 
ern Malleable Iron Co., Erie Malleable 
Iron Co. and Central Foundry Division, 
General Motors Corp. 


CAST BRONZE BEARING INSTITUTE 

is planning to publish a manual 
containing the latest theoretical and ex- 
perimental sleeve bearing design infor- 
mation. Data in the manual will be 
developed through a project sponsored 
by the group at the Franklin Institute. 


International Harvester Co. . . will dis- 
continue production of farm implements 
at its McCormick Works in Chicago. 
Production of malleable castings will be 
shifted to Waukesha, Wis., and some 
foundry operations requiring about 500 
employees will be continued after im- 
plement production stops 


Ohio Ferro-Alloys Corp. . . has placed 
new plant at Powhatan Point, Ohio, in 
full production. Major production of the 
plant is silicon metal for the aluminum 
and chemical industries. 


F. E. (North America) Ltd. . . 
Toronto, Can., has announced United 
States representatives for their found 
ry equipment: 

Snyder Foundry Supply Co., Los 
Angeles; representatives for Califor 
nia, Nevada, Utah, New Mexico and 
Arizona. 

C. W. Ammen, Gulfport, Miss.; 
Texas, Louisiana, Mississippi, Alaba 
ma, Mexico and Columbia. 

Foundry Supply Co., Minneapolis 
Saskatchewan, Manitoba, North and 
South Dakota, Nebraska, Iowa and 
Minnesota. 

LaGrand Industrial Supply Co., 
Portland, Ore.; Oregon. 


Superior Foundry, Inc. . Walter 
L. Seelbach, president of the Cleve- 
land firm, was reported in the Cleve- 
land News as believing that the met- 
alcasting industry may do as much 
as 20 per cent more business in 1959 
than in 1958. Business of Superior 
Foundry is expected to improve to 
an even greater extent due to pur- 
chase of the assets, good will and 
trade name of Allyne-Ryan Foundry 
Co. in October 1958. 


Terminal City Iron Works Ltd. . . 
sored the exhibit pictured here at the 


spon- 


Pacific National Exhibition. The Termi- 
nal City plant is in Vancouver, B. C. 


American Steel Foundries . . has pur- 
chased South Bend Lathe Works, South 
Bend, Ind., subject to agreement of 
South Bend _ stockholders. A.S.F. has 
also announced sale of its Verona, Pa., 
plant to Specialty Steel Products, Inc. 








It loads silo from car! It delivers sand to foundry area! 
WHIRL-AIR-FLOW SYSTEM SPEEDS SAND HANDLING 
FOR AMERICAN HOIST & DERRICK COMPANY 


Two jobs in one. . . that’s the double-duty 
performance of this Whirl-Air-Flow auto- 
matic sand handling system at the American 
Hoist and Derrick Co. plant in St. Paul. A 
70-ton load of silica sand is transferred from 
railroad car to silo in less than one hour— 
through a completely automatic cycle. Sand 
from the 350-ton capacity silo is quickly 
delivered in desired quantities to the foundry 
area by the Whirl-Air-Flow transporter. 


Operating now for three years, the system 
is pronounced ‘‘completely satisfactory”’ by 
American Hoist. Along with its highly ef- 
ficient unloading, storing and delivery, the 
system is praised for its self-cleaning ability 
and practically maintenance-free operation. 
TELL US YOUR SAND HANDLING PROBLEM! Let us 
show you how Whirl-Air-Flow pneumatic conveyor sys- 
tems, engineered to your individual requirements, can 


boost your production while giving you appreciable cost 
savings. Your inquiry promptly acknowledged! 


WHIRL-AIR-FLOW 


650 25th Avenue S.E., Minneapolis 14, Minn. « FEderal 9-0231 



































pl) 


UT Ein 











Circle No. 186, Page 141-142 
June 1959 ° 





Pangborn 
offers a 
hew concept 
in electric 
furnace 
exhaust 
hoods! 


angborn 


Cire 
modern castings 
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After years of development, Pangborn now 
offers effective control of smoke, fumes and 
dust from electric melting furnaces with min- 
imum interference to furnace operations and 
maintenance. The hood design is based on 
the fundamental dust control principle of con- 
fining and capturing fumes and dust immedi- 
ately adjacent the source. Effective control is 
secured with substantially reduced exhaust 
air volumes. 

The Pangborn Exhaust Hood reduces the 
weight carried by the furnace roof; reduces 
hood areas subject to high temperatures; re- 
duces electrode travel limitations and is ap- 
plicable to top and side charge furnaces of 
all types and sizes. 

With the exhaust hood connected to an 
efficient Pangborn Cloth Bag Collector, 
compliance with the most rigid air pollution 
control regulations is assured. For informa- 
tion call the Pangborn man in your area or 
write: PANGBORN CORP., 1300 Pangborn 
Blvd., Hagerstown, Md. Manufacturers of 
Blast Cleaning and Dust Control Equipment. 


CONTROLS 


DUST 


le No. 187, Page 141-142 


Modernize Your 


By Alfred B. Steck 
Metallurgical Associ- 
ates, Ine 

Boston 


@ This talk is aimed at increasing 
profits through reducing manufactur- 
ing costs and increasing sales through 
the utilization of new developments 
in the foundry industry. 

Let’s first look at current cupola 
practice in the iron foundry. Whether 
a cupola practice is acid, basic or 
neutral depends on the slag mate- 
rials. Acid slags are made up of 
mostly sand; basic slags, of lime; and 
neutral slags, of equal parts of sand 
and lime. The advantages of basic 
over acid are: lower sulfur, higher 
temperatures and high carbon level 
with 100 per cent steel scrap charge. 
To be compatible with the slag, the 
lining of the cupola must be either 
acid, basic or neutral. 

The basic-operated cupola produc 
es low sulfur iron which is practically 
a must for making small ductile iro 
castings. The higher the sulfur level, 
the more magnesium needed to bring 
the sulfur level down to where svhe- 
roids are formed rather than flake 
graphite. 

There is an increasing trend to- 
wards using water-cooled cupolas 
and melting against the shell with 
out a lining. The cupola can then 
be operated acid, basic or neutral. 
Some shops operate the cupola acid 
for gray iron and then change to 
basic during the day for ductile iron. 
The cost of water for cooling should 
be compared to the reduced re- 
fractory costs. A large cupola needs 
about 60 gallons per min of cooling 
water. 

Compare this with refractory costs 
of about 15 cents per ton of melt. 
The water-cooled cupola has the dis- 
advantage of producing molten met 
al with a lower temperature at the 
spout. This can be 
utilizing a hot blast. 

The larger foundries are installing 
water-cooled, hot blast cupolas be- 
cause of the versatility and savings 
resulting from decreased coke con- 
sumption, decreased refractory costs, 
less silicon loss, decreased pig iron 
consumption, hotter metal and good 


overcome by 


sulfur control. 

Many non-ferrous foundries are 
producing cores by the shell tech 
nique. For an initial machine invest- 





Practices for Profit 


ment of about $2000, shell cores for 
production runs can be made eco- 
nomically. Good shakeout, plenty of 
venting, long storage life, no oven 
needed,—all these decided advantag- 
es should be considered. 

Many foundries will mix their core 
ingredients in the following order: 
sand, cereal, oil and water. One of 
the reasons for adding cereal is to 
provide green strength which results 
from the gelatin of cereal by water. 
The oil when added first waterproofs 
the cereal and prevents full gelatin 
of the cereal. Therefore add_ sand, 
cereal, water, mix, oil and mix. You 
will probably find that you need less 
oil for a given dry strength than pre 
viously 

CO: core making has found its 
place in the core room. To solve 
shakeout problems in iron and non- 
ferrous foundries, foundry syrup o1 
carbon material is used. Cores aré 
being blown in all makes of blowers. 
For long runs of small castings with 
flat backs, it is well to consider blow- 
ing CO: cores for stack molding 
techniques. 

A few foundries are putting cores 
and coreboxes under vacuum = and 
then passing in CO: gas. This has 
resulted in gas economy. 

In casting intricate passageways 
in aluminum castings, use is being 
made of copper tubing covered with 
woven fiber glass. The tubing is 
leached out of the casting during 
the cleaning operation. 

In the iron foundry where pene- 
tration or burn on is encountered, 
a core insert or core facing of carbon 
sand has solved many problems. Car- 
bon sand having low expansion and 
good stability to heat shock has 
proven itself as another tool for over- 
coming foundry defects. 

The cold setting core binders have 
proven economical in applications 
where core making is intricate. The 
practice of blowing air into deep 
pockets of cold setting cores hastens 
the setting process. 

A new type of core binder just 
recently introduced supposedly needs 
no baking. This is composed of urea 
resin, a catalyst and a green bond 
material. 

Fine finishes are being obtained 
using bentone clay and oil bonding 
of green sand. The absence of watei 
in the molding sand results in the 
excellent surface obtained on brass 
and bronze castings. 


Iditor’s Note This article contains highlight 
excerpted from a talk by A. B. Steck presented 
at the 1958 AFS New Enyzland Regional Found 
ry Conference 


ROTOBLAST CUTS 
CLEANING TIME 70%! 


Pangborn 
Rotoblast 
reduces 
cleaning time 
from 15 minutes 
per load 

to 4’/2 minutes 
at Buckeye 

lron & Brass 


Toreduce costs and still keep up production 
schedules, Buckeye Iron & Brass Works, 
Dayton, Ohio, replaced its centrifugal 
blast cleaning barrel (which is still in good 
operating condition) with an automated 
6’ Pangborn Rotoblast Barrel. The result: 
cleaning time was cut from 15 minutes per 
load to 4'% minutes! 

Phrough automation, the Rotoblast Bar 
rel has also saved the company the cost 
of one full-time operator and has proved 
economical in terms ot maintenance In 
seven months, no repairs or re plac ements, 
other than vanes, have been necessary! 

For full details on how Pangborn Roto 
blast can save you money, write for Bulletin 
706 to PANGBORN CORPORATION, 1400 
Pangborn Blvd., Hagerstown, Md. Mana- 
facturers of Blast Cleaning and Dust Control 
Equipment—Rotoblast Steel Shot and Grit 


CLEANS IT FAST WITH 
ROTOBLAST 
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For Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
. . 25¢ per word, 30 words ($7.50) minimum, prepaid. 

Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 

Display Classified . . Based on per-column width, per inch . . 1-time, $18.00 


6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid. 








PLANT ENGINEERS 
Experienced on layout of all types 
of foundry equipment, material 
handling and material flows. Send 
complete details on work history, 
education and family status. In- 
clude recent protograph. All re- 
plies confidential. Box F-140, 
MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, IIl. 








MANUFACTURERS’ REPRESENTATIVES 
A completely modern electric furnace found- 
ry specializing in shell molding of high 
strength alloy iron castings and brass cast- 
ings, desires to appoint MANUFACTUR- 
ERS’ REPRESENTATIVE in midwest and 
middle Atlantic states. Foundry can meet 
exacting specifications for physical proper- 
ties, chemical analysis and microstructure. 
Men now calling on industrial accounts 
who require good production quantities of 
small castings are urged to write. List all 
qualifications, experience, current princi- 
pals, etc. No objection to other non-con- 
flicting foundry lines. 

Box F-152, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 








AGENTS WANTED: Distributors or Manufacturer’s Agents. Several 
choice territories available to experienced foundry equipment salesmen 
or agencies interested in selling the world-famous HANSBERG CORE 
SHOOTER. Hansberg is the most successful core making machine of 
the last ten years and is better than competitively priced. More models 
than any other manufacturer. New bench and floor models include Semi- 
& Fully-Automatics. Combination Shooter-Gassers, Roll-Over-Strippers, 
Vacuum & Pressure COz Gassers. Write to HANSBERG SHOOTERS, 
INCORPORATED, P.O. Box 729, Evanston, Illinois. 





SALES REPRESENTATIVES 
Sales representation wanted for large Gray 
and Ductile Iron Foundry producing cast- 
ings from 50 lbs. to 20 tons. Present sales 
organization being expanded. ‘Territories 
opened in Ohio, Indiana, Illinois and Wis- 
cons'n. Send replies to: 

W. R. Neely 
HANSELL-ELCOCK COMPANY 
485 West 23rd Place 
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FOUNDRY ENGINEERING- 
GRADUATE 








Needed by  corrosion-and-heat-resis- 
tant alloy foundry in northern N.J. | 
Assume full responsibility process de- | 
velopment and control. Write to Box 

F-170. MODERN CASTINGS, Golf 

and Wolf Roads, Des Plaines, Ill. 


GOOD FOUNDRYMEN 


when you need SUPERVISORY or 
TECHNICAL men why not consult a 
man with actual foundry experience 
plus 15 years in finding and placing 
FOUNDRY PERSONNEL. 

Or if you are a FOUNDRYMAN 
looking for a new position you will 
want the advantages of this experience 
and close contact with employers 
throughout the country. 

For action contact: 
John Cope 
DRAKE PERSONNELL, INC. 
29 E. Madison St. 


Chicago 2, Illinois 
Financial 6-8700 
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| FOUNDRY ENGINEER 

Ohio Manufacturer has an opening for an 

aggressive young man with ferrous foundry 

experience. Must be capable of analyzing, 

recording and solving problems involving 

scrap and process difficulties. Will have 

responsibility of recommending, carrying } 
out and following through the changes re- 
quired. Must have management potential. 
Furnish resumé stating education, experi- 
ence and qualifications. Salary open. 

Box F-173, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plcines, I!. 
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INDUSTRIAL ENGINEER 
Experienced in foundry operations 
as well as general industry. Cap- 
able of taking over management 
of industrial engineering division of 
ACME member consulting firm. 
Degree necessary. Age 35-45. Send 
complete details and include re- 
cent photograph. All replies held 
in confidence. Box F-135, MOD- 
ERN CASTINGS, Golf and Wolf 


Roads, Des Plaines, Il. 


Chicago 16, Il. 


Sal 


























FOUNDRY SALESMAN 
Wanted experienced Gray and Ductile Iron 
Salesman for the Chicago Territory. Cast- 
ings from 50 Ibs. to 20 tons. State salary 
required. All inquiries will be held in strict 
confidence. Telephone contact regarding 
this position can be made by calling 
Bishop 7-4250 or send resumés to: 
W. R. Neely 
HANSELL-ELCOCK COMPANY 
485 West 23rd Place 
Chicago 16, Illinois 











Progressive and expanding company manufacturing specialized chemical products for the 
foundry industry invites applications for the following positions: 


RESEARCH ENGINEER FOR DEVELOPMENT DEPARTMENT 


Applicants should preferably be under 35, must have a good degree in Chemistry or 
Metallurgy and at least 5 years experience in research or industrial development work. 
Evidence of high ability in previous employment will be necessary and association 
with the foundry industry would be an advantage. The position is one of responsibility 
and the successful candidate must be capable of initiating and directing project activity, 
after a period of training. 


SPECIALIST ENGINEERS FOR TECHNICAL SERVICE DEPARTMENT 
(1) With exerience in the aluminum wrought alloy field.. Knowledge of all phases of 
melting and casting billets and slabs of extrusion, rolling and forging is required. 
(2) With experience in the foundry industry, particularly steel. Knowledge of solidifica- 
tion principles, gating and risering practices is required. 
These two positions entail product application and development work in customers’ plants, 
in support of field sales force, and extensive traveling is involved. Applicants should 
preferably be under 40 and have had successful sales experience in addition to wide 
technical knowledge. All positions offer excellent prospects for advancement and good 
starting salaries will be paid. Applicants should submit resume of qualifications and 
experience to; 
Foundry Services, Inc. 
P. O. Box 8728 
Cleveland 35, Ohio 


FOUNDRY SUPERINTENDENT 


Wanted superintendent for small non-ferrous sand castings foundry in 
Rockford, Ill. area. Must have complete knowledge and experience in 
melting, gating and rigging of patterns. Sand control and sundry prac- 
tices of a sand castings non-ferrous foundry. Give full qualifications and 
references. Box F-156, MODERN CASTINGS, Golf and Wolf Roads, 
Des Plaines, Ill. 


FOUNDRY CONSULTANT—NONFERROUS 
Sand—permanent mold centrifugal permanent 
mold—and centrifuge permanent mold. High 
pressure castings a specialty. Address: ED 
JENKINS, 253—-8th STREET, WEST PALM 
BEACH, FLORIDA, PHONE: TEMPLE 2-8685. 


MANAGER Progressive, practical and tech- 
nically trained foundryman. 46 years of age. 
Well-versed in all phases of light to extra 
heavy ferrous and non-ferrous jobbing work. 
Cost and control minded. Very good labor 
relations. Now employeid. Box F-159, MOD- 
ERN CASTINGS, Golf and Wolf Roads, Des 
Plaines, Il. 


FOUNDRY SALES REPRESENTATION Ag- 
gressive young man, 29, four years foundry 
sales experience, (grinding wheels) has op- 
portunity to diversify. Would like to handle 
two or three additional foundry items, giving 
specific product concentration. Presently cov- 
ering Southeast from Birmingham. Best re- 
ferences. Box F-174, MODERN CASTINGS, 
Golf and Wolf Roads, Des Plaines, Il. 








©e020202000000000000000000000808080808080 
A Master Foundry Engineer from an Indian . 
University seeks employment. Young and ener- KUX DIE CASTING MACHINES GUesiion 
getic, with high academic career. Experience Motel K-5, 25-T. Locking Pressure 
of one year in the field. Resumé upon request. new 1949, Weight 22002, Extra equipment 
Box F-171, MODERN CASTINGS, Golf and and brand new. HOW DO YoU SELL 
Wolf Roads, Des Piaines, Hl. Model BA-12, 100 T Locking Pressure 
new 1948, Weight 85002. Very reasonable. 
- . . —__—_—_—_— Excellent condition. Model #2-DC REED TO FOUNDRIES? 
ere eet aa s PRENTICE, 400 T. Locking Pressure, 
per Patent eae complete zine new ‘51, running. Excellent. 
and jobbing gray and ductile iron foundries, EV EREADY, Bex 638 Bet. CONN. 
both in plant engineering and management. EDicen 4-0671-3 MWA 
Presently employed as Foundry Manager. Will 
consider position in management, engineering, 


. . 
cr engineering sales service organization. Box d h 
F-175, MODERN CASTINGS, Golf and Wolf ND !! a vertise we t ° 
Roads, Des Plaines, Il. CUTS COST WITH ZIRCON SAN ! ! f d ° 
Scie cheanhens of ts cakes tamer oundrymen s Own magazine 
reduce cleaning costs by preventing “‘burn- 
in” of the sand, produce smoother surfaces 

















fer lower polishing and machining costs, 
etc. Hobart Brothers extracts zircon at 
their own Florida mine, so are able to 
offer you Highest Quality at Attractive 


IDEAS WANTED Prices. Calcined, granular zircon sand is 
We bring together creators of ideas available for direct shipment from the 
and companies that can use them mine. Write for additional information and 

, : , prices-— indicate approximate usage and 
Register your ideas with us. We quantities you are interested in. HOBART 
will appraise it and try to sell it. BROTHERS CO., P.O. BOX 49, TROY, 
Oulo. 














Write for brochure. 

Box F-172, MODERN CASTINGS, 
Golf and Wolf Roads, Des Plaines, 
Ill. 

















——! FOR SALE 
BACK VOLUMES — Wanted to buy for cash 1-36 x 42 WHEELABRATOR in 
of foundrymen, TRANSACTIONS American | good condition 

Foundrymen’s Society and other scientific W/A TB Model Series 370 Serial 
a... #33512 with W. W. Sly Dust Col- 








lector. 
133 bags, Serial #C-6693 
Price very reasonable 


Box F-176, MODERN CASTINGS, because 
Golf and Wolf Roads, 
CORE TESTING EQUIPMENT Des Plaines, Il. ' modern 
Universal Sand Strength Machine ; 
serial No. 17629. ; ss 
Tensile Core Strength Accessory. ' castings 
Core Oven, 230 volts, 60 cycle, 24-in. : 
ee oo FOUNDRY EQUIPMENT reaches every known foundry in 


Sand Rammer equipped with foot pedal 


eesTs. SALE the United States and Canada 


serial No. 22272 


Dietert equipment in excellent condition % 3 DETROIT ELEC. FURNACES ' * ° ° ° 
ag Ace a arrRACTORIES publishes top technical editorial 
ARTHUR C. TRASK CO., 327 S. LaSalle * TABOR MOULDING MACHINES : material (and more pages of it!) 


St., Chicago 4, Ilinois, Telephone WAbash In excellent operating condition to be sold ‘ Fe i 7 
2-8900. ie ’ far below original cost: 3 Det. Elec. Rock- is best read (reader inquiry results 


= ing Are Furnaces complete with transform- ; prove this) 
ers and all controls, 300-500 Ib. capacity ' : " ; 
ed ea.; Spare refractories available; 2 Tabor ; is published by the technical $o- 
FOR SALE Moulding Machines; 1 Core Blower; 1 Rack | | ciety of the industry 
9 Lir dl ro R: ae t Fired E] or Pig Molds; 2 Optical Pyrometers . an be : 
2 Lindberg Radiant Fired Electric inspected beforehand. Call collect: SIDNEY | } produces most direct response for 


Furnaces complete with controls DOREN, Owner adverti 
’ ertisers 
440 V, 50 KW. Aluminum Match ATLANTIC STEEL & 


Plate Corp., 1500 Military Rd., TRADING CO. i of you want the maximum advertising 


‘ "NY 365 Dorchester Ave. ; 
Buffalo 17, N. Y. Seten HE Ses, Eas 04007 results be sure your schedule includes 


| poorer enn nnn | the magazine that produces maximum 
: reader response! 


m 
EMPIRE’ | =----- 


“THAT GOOD” neal 
modern 
FOUNDRY COKE | aie 


DEBARDELEBEN COAL CORPORATION published by 


2201 First Ave., North Birmingh , Ala. American Foundrymen’s Society 
“ py ong wa" — Golf and Wolf Roads 


*Reg. U.S. Pat. Of. Des Plaines, Illinois 
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technical program 
Continued from page 40 


speaker on the panel, outlined pro- 
cedures for producing castings to close 
tolerances with the method. R. M. 
Ovestrud detailed the problems that 
air-set binders are intended to meet, 
and the controls necessary to make 
these binders work. . . . . . Send 
Dinner: Lets’ Start Over by J. B. Caine. 
In presenting what he described as an 
“unfashionable story,” Caine warned 
sand technologists that their art lacks 
any basis of quantitative fact. He 
noted that current sand technology is 
a system of evaluation, and not a sys- 
tem of control, because there exist no 
primary standards of comparison. 


MANAGEMENT DEVELOPMENT 
PAPERS 


So You Want to be a President was tlic 
theme for four papers presented by 
four leading executives in the metal- 
casting industry. These papers were: 
Developing Technical Personnel by J. H. 
Culling, Carondelet Foundry Co.; De- 
veloping Operating Supervisory Person- 
nel by L. J. Woehike, Grede Foundries, 
Inc.; Developing Sales Personnel by H. 
A. Forsberg, Blaw-Knox Co.; and De- 
veloping Administrative Management by 
8. L. Simpson, National Engineering 
Co 


PLANT AND PLANT EQUIPMENT 
PAPER 


The Foundry Plant Engineer, A Fifty Year 
Reminiscence by James Thomson. The 
author reflected on his experiences as 
a pioneer plant engineer in the metal- 
castings industry 


STEEL PAPERS 


Rapid Hydrogen Determination for Steel 
Foundry Contro!] by C. C. Carson and B. 
J. Alperin. The authors described a 
method for the determination — of 
hydrogen in steel using the hot ex 
traction technique and employing a 
Pirani gage for the analysis of the 
extracted gases for hydrogen by the 
thermal conductivity technique .. . . 

Interrelation Between Stress Concentra- 
tion and Castability by J. B. Caine. The 


author described the close relationship: 


stress concentration, maximum load 
between shapes designed to minimum 
carrying ability and the castability of 
such shapes Design and Welding 
of Alloy Cast Steel for Steam Turbine Ap- 
plications by L. W. Songer. The author 
discussed the design, welding and 
quality control aspects of high quality 
castings relative to the need for more 
activity by foundries in’ these areas 

ei . Deoxidation Defects in Steel 
Castings by R. A. Flinn and L. H. Van 
Continued on page 140 


136 °* modern castings 


Golf and Wolf Roads, Des Plaines, Il. 


Insure the Quality of 
your castings with 


Indianapolis 
Foundry Coke 


Its high carbon content and low sulphur 
...its low ash and uniform carbon 
absorption ... its carefully controlled 
structure... all combine to produce 

a coke of unsurpassed quality. 
Indianapolis Coke gives maxi- 

mum metal temperature 

with minimum coke 


per charge. Call any 
Hickman- Williams 


office for prompt and 
efficient service. 


Hickman, Williams & Co. 
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A Complete line of Automatic Production Aids 


by Dietert-Detroit to reduce operating expenses 


and improve casting quality. 


AUTOMATIC MOISTURE CON- 
TROLLER (No. 3907) Assures 
accurate, adjustable moisture control 
during the mixing cycle 


WEIGHING BONDADDER (No. 3899) Automatically 
selects and weighs dry additives and delivers them to mixer 
with low-pressure air. 


TEMPERED SAND HOPPERTROL (No. 3911) 
Automatically controls level of tempered sand in 
hoppers, bins, etc 





SAND MONITOR (No. 3883) 
Automatically coordinates sand mull- 
ing and distribution. 














AUTOMULL (No. 3884) Supervises and controls every 


phase of mixing cycle 





AUTOMATIC SAND COOLER (No. 3903) Eliminates 
hot sand problem. Improves mulling efficiency and 
sand properties. Minimizes moisture evaporation from 
prepared molding sand 





RAPID WATER AND SLURRY 
DISPENSER (No. 3906) Accurately 
adds pre-set liquid volume to batch 
type sand mixer in a few seconds. 


HARRY W. DIETERT CO. 


Avenue 


9330 Roselawn 





Dietert-Detroit Automatic Controls are specifically engineered for your 


foundry—and backed by an engineering and service staff trained in all 


phases of modern automated foundry practice. Dietert-Detroit equipment 


will permit you to organize for greater speed, efficiency and cleanliness; 


and put your foundry in a stronger competitive position! May we hear 


from you? 


HARRY W. DIETERT CO. 


Clip Coupon 
for immediate 
reply 


1 Automatic Moisture Controller 


2 Weighing Bondadder 


Tempered Sand Hoppertrol 


Name 
Company 


Address 


Detroit 4, Michigan 


City 
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Send me complete details on the following 


9330 Roselawn, Detroit 4, Michigan 


Sand Monitor 
Automull 
Automatic Sand Cooler 


Rapid Water and Slurry Dispenser 


Title 
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1470 AB 


HANDIMET GRINDER 


A New, Wet Hand Grinder for 


Metallurgical Samples 


Now you may have wet grinding facilities for hand prepa- 
ration in your laboratory at a nominal cost. Convenience 
at your fingertips, always clean and ready for use. Simply 
attach to water and drain facilities. 


Individual elevated hard glass grinding surfaces are con- 
tinually flushed with streams of water. This floats off the 
surface removal products, provides lubrication, and leaves 
sharp abrasive edges exposed at all times. A control valve 
permits complete selectivity of the volume of water. Ample 
drainage facilities with standard pipe fittings are provided 
at the rear. The grinding platforms are pitched down- 


No. 1470 AB HANDIMET GRINDER, complete $98.00 
ward and away from the operator. 


No. 1469-SW AB HANDIMET GRINDING PAPER for 1470 Grinder, 


The Handimet Grinding Paper is coated with a pressure 
Grits 240, 320, 400, 600 per 100... .$10.00 


sensitive adhesive backing and firmly holds when merely 


No. 1469-1-SW AB HANDIMET GRINDING PAPER assorted 10 each pressed against the flat grinding surface. It is easily re- 
grits 240, 320, 400, 600... .$4.50 movable when sheet is worn. 


Buehkler Ltd. METALLURGICAL APPARATUS 


2120 Greenwood St., Evanston, Illinois, U.S.A 
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Report from Jim Coleman, 
41-year veteran 
Core Superintendent, 
Wellman Bronze & Aluminum 
Company, Cleveland, Ohio 


“We scrapped 
10 TONS of 
MISTAKES!" 


‘*... Our customer wasn't pleased. We were exceeding 
dimensional tolerances on a large magnesium casting. 
The trouble was core sag. ADM offered to work 
with us on the problem. We made a 1200 Ib. trial mix* 
using ADMIREZ UP-15. Core sag stopped—accuracy 
and finish improved—our customer is happy again. 
As a result we actually threw out twenty 960 Ib. 
‘‘borderline’’ core sets made with the previous 
binder. We followed up with a more extensive 
test and found some bonus benefits— 
faster baking, higher collapsibility and less 
stickiness. The men say there's a lot less 
smoke and objectionable odor, too. We tried 
ADMIREZ UP-15.. . we saw it work... 


we bought ADMIREZ UP-15... it’s that 
simple. We've had excellent 
results with ADCOSIL** too."’ 


*Formulas on request 


**ADM's CO2 Binder 


4 Write for more information 
‘Archer on the full line of ADMIREZ 
QUALITY products manufactured by 


4 


y -Ne-lal tad = l-lell CO ,’, ite li- tal moo aal 1-1) 4 
. 
FEDERAL FOUNDRY SUPPLY DIVISION 
2191 West 110th Street + Cleveland 2, Ohio 
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GOLDEN FOUNDRY CO., INC. 


SAVES $5,000 ANNUALLY 
WITH WHEELABRATOR STEEL SHOT” 


Wheelabrator Steel Shot saved Golden Foundry Co., Inc., Columbus, 
Indiana, $4,957.00 in their cleaning costs in one year. 


How was it done? By changing from a malleable type abrasive to 
Wheelabrator Steel Shot. 


Tests made over a period of a full year showed conclusively that 
Wheelabrator Steel Shot reduced abrasive consumption from 18 lbs. to 
10 Ibs. per wheel-hour over a malleable type abrasive. This 45% re- 
duction in abrasive used brought actual savings of 28.4¢ per wheel- 
hour of operation. 


More than 1,200 firms now have standardized on Wheelabrator Steel 
Shot, and are making similar impressive savings. Consistently harder, 
with greater resistance to breakdown, Wheelabrator Steel Shot lasts 
longer in use, cleans better, and reduces total cleaning costs. Your 
Wheelabrator Abrasive Engineer will help you achieve similar savings. 

Send for complete information on how Wheelabrator 

Steel Shot can solve your cleaning problems. 

ABRASIVE DIVISION 


WHEELABRATOR 


630 South Byrkit Street Mishawaka, Indiana 


Canadian Division: Box 490, Scarborough, Ontario 


World’s Largest Manufacturer of Quality Steel Abrasives 
Circle No. 194, Page 141-142 
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technical program 


Continued from page 136 


Viack. In this, the final report for the 
AFS Steel Division Research Com- 
mittee, the authors described the na- 
ture of inclusions, the origin of in- 
clusions and methods of eliminating 
this defect . . . . . Reclaim Sodium 
Silicate Bonded Sand by G. C. Warneke. 
The author described a study of the 
characteristics of reclaimed sodium 
silicated bonded sands. With the cast- 
ings tested, the author found the COz 
sand had greater dimensional stability 
than conventional green sand 
Cast and Wrought Alloy Steels by R. K. 
Buhr and W. A. Morgan. The authors 
studied the cast and wrought prop- 
erties at room and at elevated temp- 
eratures of four low alloy high 
strength steels. Castings were often 
found superior to wrought products, 
especially at elevated temperatures 
Requirements for Quality Steel 
Castings in the Aircraft Industry by Y. 
J. Elizondo. The author reviewed the 
experiences of one aircraft company 
over the past three years to illustrated 
various reasons for success or failure 
of several steel casting designs... . . 
Mn-V-Mo Age-Hardening Austenitic Steel 
by N. C. Howells and E. A. Lange. The 
authors noted that successful casting 
of these new steels depends on spec- 
ial techniques. Melting, pouring, mold 
materials and heat treatment found 
to give best results was described 
, The Significance of Reduced 
Phosphorus and Sulphur Content on the 
Ductility and Toughness of Cast Low 
Alloy Steels by John Zotos. The author 
described a series of tests with alloys 
which showed improved properties 
when phosphorus and sulphur con- 
tent was reduced A Method of 
Obtaining Both Castability and Maxi- 
mum Field Service from Cast Products 
by J. W. Beckham. The author des- 
cribed procedures for developing a 
design for a cast part which will com- 
bine good castability with equal stress 
distribution on the castings while it 
is in the field use... . . Designing 
for Press-Forged Castings by P. Gouwens, 
T. Watmough and J. Berry. The authors 
studied the improvement in mechani- 
cal properties obtained through com- 
bining the press forging and casting 
processes in the production of parts 
from three alloys: SAE 4340, 17-4PH 
and 347 stainless . .. . . Foundry 
Designing for Steel Castings by A. B. 
Steck. The author explained the latest 
techniques in controlling hot tear de- 
fects in relation to proper casting 
design Steel Luncheon: Vacuum 
Arc Melting by S. J. Noesen. Mr. Noesen 
traced the development of the process 
from its early laboratory stages to 
commercial production. 








modern castings is the BIGGEST 
magazine in the metalcastings industry 


There are more pages of top technical 
editorial material in Mopern Castincs 
1400 pages in the last year 
and you can receive a personal copy of 
this valuable publication each month for 
only $5.00 a year in the U.S., $7.50 

elsewhere. 

To subscribe, complete the information 
on one of the cards below and mark the 
box [x]at the bottom of the card. You 
will be billed later. 


modern castings is 
the BEST source of manufacturers’ data 


When you see a “Circle No.” under an 
item or an ad, it means that there is more 
information available to you by using the 
cards below. Mopern Castincs fills more 
of these inquiries than any other publi- 
cation in the metalcastings industry. 


Please type or print 1 after December 1, 195% June/59 


Please have information or bulletins indicated by circled numbers sent to me without obligation. 
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“SEMI-STEEL” performance compares so favorably 
with that of regular, high grade steel shot that, 


considering you pay only $155 per ton, you just 


can’t help but reduce your cleaning costs. And, 


we'll give youa written guarantee that you will! 


“SEMI-STEEL’ is a newly developed abrasive with 
marked steel shot characteristics, produced by a 
new process so efficiently that it can be sold at 
extremely low prices. It’s manufactured as shot 


and grit, to S.A.E. specifications. 


Why continue paying so much for steel shot 
when “SEMI-STEEL”’ costs so little and is guaran- 
teed to save you money? Phone or write for 


further information and samples. 


FREELABTEST 
Send us 200 gr. of your 1 T . 
Steel shot. We'll test 4 M iE A { B [ A S , 1 NC 


it against ““SEMI-STEEL 

and report the results. . 

Or, we'll send samples ss 873 EAST 67th STREET 
of “SEMI- STEEL” for | CLEVELAND 3, OHIO 
testing in your own lab. , 

(Give size.) Either way, 

you'll get welcome proof 

of “SEMI-STEEL” savings. 


ALSO IN: Chattanooga ¢ Chicago « Cincinnati « Dayton © Detroit © Elberton, Ga. * Grand Rapids * Greensboro, N.C 
Houston © Los Angeles © Louisville *« Milwaukee © Minneapolis * New York © Philadelphia © Pittsburgh and St. Lows 
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Which of 
these roads 
leads to 
your plant? 
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Get fast delivery of quality 
foundry binders from RCI 


is fast, dependable delivery of quality foundry binders important 
to your production? Reichhold now ships from eight strategically Creative 
Chemistry... 


located plants and/or bulk storage points — more than any other : 
Your Partner 


producer. The plants are located at: Charlotte, N. C.; Elizabeth, in Progress 


N. J.; Detroit, Mich.; ‘Tuscaloosa, Ala.; So. San Francisco, Calif. ; Pein. 
Ballardvale. Mass.; Toronto, Orff, (Reichhold Chemicals, [Canada| Riel 
Ltd.) ; bulk storage facilities at: Argo, IIL nike 

= 

Equally important, Reichhold’s experience in the foundry resin 

field is an assurance that RCI phenolics and amino-aldehydes can FOUNDR PRODUCTS 
satisfy any of your core sand mixture requirements. FOUNDREZ—S etic Resin Binders 
coRCIim Core Oils 


Why not contact your Reichhold representative for more infor- 
“ ) COROVIT — -curing Binders 


mation on RCI foundry products. 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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